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Abstract

The bridge document established that the Nieh—Yan (torsion) sector is gapped at

$\Delta {\text{NY}} \sim 1/R$ by five independent mechanisms (KK tower, contorsion freeze,
topological mass, teleparallel KK, dislocation lattice). The remaining sub-problem (§8.2) was the
explicit matching of the lattice dislocation gap ($\sim 1/a"2$ in bare lattice units) to the continuum
$1/R$, resolving the apparent dimensional mismatch.

This document provides the matching through three complementary analyses:

1. The Schmidt—Kohler discrete Einstein—Cartan action on the simplicial lattice (arXiv:gr-
qc/0103111, Gen. Rel. Grav. 33, 2001): the lattice torsion action $S_T = \frac{1} {16} \sum_i
b \parallel*{2(i)} A*{(i)}$ is shown to have a well-defined continuum limit when the
dimensionless Burgers charge $q = b/a$ is held fixed as $a \to 0$.

2. The wave function renormalization: the bare torsion $T {\text{latt}} \sim 1/a$ (diverging as
$a \to 09) is renormalized by $Z T \sim a$ to give the physical torsion $T {\text{cont}} \sim
1/R$ (finite). The lattice torsion action $S_T = q"2 R"4/168 is exactly $a$-independent,
confirming the continuum limit.

3. The RG flow of the dislocation fugacity: the dislocation operator has scaling dimension $d_T
= q"2/(4\pi\kappa_4"2)$ and is IR-irrelevant ($d_T > 0$), so the dislocation fugacity
$z(\text{IR}) \to 0% as $a \to 03. The torsion is gapped at the IR scale $\mu_ {\text{IR}} = 1/RS.

Key result: The bare dislocation energy $E_{\text{disloc}} \sim q*2 a R"2/(32\kappa_4"2) \to 0$ as
$a \to 0$ — the dislocations become "soft" in the continuum limit. The physical mass gap
$\Delta {\text{NY}} = 1/R$ comes entirely from the KK tower, not from the dislocation core energy.

The dislocation formulation provides the non-perturbative lattice definition of the torsion sector,
while the KK tower provides the physical mass.

Additionally, the contorsion freeze (Lever 2 of the bridge document) is confirmed on the lattice: the
Schmidt—Kohler field equation $b™{(j)} = -(1/A"{(j))},\partial\mathcal {L}/\partial b*{(j)}$ is
algebraic (not differential), giving $b = 0$ in vacuum — the lattice realization of the Einstein—Cartan
algebraic torsion equation.

1. The Problem: The Dimensional Mismatch

1.1 The five mechanisms and their gaps
The bridge document established the torsion gap $\Delta {\text{NY}} \sim 1/R$ by five mechanisms:



Mechanism Gap Dimensional origin
KK tower $1/R$ $m_n =n/R$ (compactification)
Contorsion freeze $\infty$ (zero mode) Algebraic equation $T = \kappa”2 S$
Topological mass $\sim 1/R$ Chern—Simons term (Deser—Jackiw—Templeton)
Teleparallel KK $1/R$ TEGR + conformal symmetry
Dislocation lattice $\sim 1/a"2$ (bare) Core energy $E {\text{core}} \sim \mu b"2/a$

The first four mechanisms give $\Delta_{\text{NY}} \sim 1/R$ (or $\infty$), consistent with the
continuum theory. The fifth — the dislocation lattice formulation — gives a bare gap $\sim 1/a"2$ (in
energy units), which does not match $1/RS$.

1.2 The mismatch
The dislocation gap on the simplicial lattice is:

$$\Delta_{\text{disloc}}"{\text{latt}} \sim E_{\text{core}} \sim \frac{\mu b"2} {a} \sim \frac {\mu
a2} {a} =\mu a$$

where $\mu$ is the shear modulus (elastic constant) and $b \sim a$ is the Burgers vector. In physical
units (restoring $\hbar$ and $c$):

$$\Delta_{\text{disloc} }"{\text{latt}} \sim \frac{\hbar c}{a"2} \cdot a = \frac{\hbar c}{a}$$
This diverges as $a \to 0$ and does not match the continuum gap $1/R$.

The question: how does the lattice dislocation gap flow to the continuum $1/RS as $a \to 0$?

1.3 The resolution
The resolution has three parts:

1. The lattice torsion action has a well-defined continuum limit when the Burgers charge $q =
b/a$ (not the Burgers vector $b$) is held fixed. The lattice action $S_T = g2 R"4/168 is exactly
$a$-independent.

2. The bare dislocation energy vanishes in the continuum limit: $E _{\text{disloc}} \sim a \to 0$.
The dislocations become "soft" — they are not the source of the physical mass gap.

3. The physical mass gap $\Delta {\text{NY}} = 1/R$ comes from the KK tower, which is the
infrared scale of the 5D compactification. The dislocation formulation provides the non-
perturbative definition; the KK tower provides the physical mass.



2. The Schmidt—Kohler Discrete Einstein—Cartan Action

2.1 The simplicial lattice with dislocations

Schmidt and Kohler (arXiv:gr-qc/0103111, Gen. Rel. Grav. 33, 2001) generalized the Regge calculus to
include dislocations on the simplicial lattice, in addition to the usual disclinations (curvature). The key
identification:

* Disclination (curvature) $\leftrightarrow$ deficit angle $\phi*{(i)}$ on bone $i$
* Dislocation (torsion) $\leftrightarrow$ Burgers vector $b*{(i)}$ on bone $i$

The bones are the $(d-2)$-dimensional hinges of the simplicial complex (in $d = 4$: triangles). Each
bone carries both a deficit angle (curvature) and a Burgers vector (torsion).

2.2 The torsion density
The torsion density associated with a single dislocation is (Eq. 6 of Schmidt—Kohler):
$$TMalpha {\mu\nu} =\frac{1}{2}\rho, balpha, S {\mu\nu}$$
where:
* $\rho$ is the dislocation density (number per unit area transverse to the bone).
* $bMalpha$ is the Burgers vector.
* $S {\mu\nu}S$ is the orientation tensor of the bone.

For a single dislocation in a lattice cell of area $a"2$: $\rho \sim 1/a"2$, giving $T \sim b/a"2 \sim 1/a$
(since $b \sim a$).

2.3 The lattice action

The Einstein—Cartan action on the simplicial lattice is (Eq. 21):

$$\boxed {S =\sum_i\left(\phi*{(i)} + \frac{1}{16},b \parallel*{2(i)}\right) A*{(1)} } $$

where:
* $\phi”{(i)}$ is the deficit angle (curvature, from Regge calculus).
* $b \parallel*{(i)}$ is the screw component of the Burgers vector (projected onto the bone).
* $AM{(1)}$ is the $(d-2)$-dimensional area of bone $i$.

The torsion part is:

$8S T =\frac{l}{16}\sum_ib \parallel*{2(i)}, A*{(i)}$$

This is the discrete analogue of the continuum torsion kinetic term:

$$S T {\text{cont}} =\frac{1} {2}\int d"4x,\sqrt{-g}\left(\frac{1} {4} T*a_{\mu\nu}T"{a\mu\nu} +
\frac{1} {2} T a_{\mu\nu} T {\nu\mu a} + T a{}{a\mu} T \nu{}{\nu} {}\mu\right)$$

2.4 The field equations
Variation of the action with respect to the Burgers vector $6™{(j)}$ gives (Eq. 23):



$$\boxed{b™{(j)} = -\frac{1} {A"{(j)}},\frac{\partial\mathcal{L} } {\partial b*{(j)}} } $$

This is an algebraic equation (not a differential equation). In vacuum (no matter):
$\partial\mathcal {L}/\partial b = 0%, so $b = 03 — no dislocations in vacuum. With matter (spin
density $S$): $b \propto S$ — the torsion is algebraically determined by the spin density.

This is the lattice realization of the contorsion freeze (Lever 2 of the bridge document): the zero-
mode torsion is frozen by the Einstein—Cartan algebraic equation, and all torsion dynamics are in the
KK modes ($n \geq 1$), which are gapped at $1/RS$.

3. The Continuum Limit: Holding the Burgers Charge Fixed

3.1 The key insight

The continuum limit of the dislocation theory is obtained by taking $a \to 0$ while holding the
dimensionless Burgers charge $q = b/a$ fixed. This is analogous to the continuum limit of lattice
gauge theory, where the lattice coupling $\beta = 2N/g"2$ is held fixed as $a \to 0$.

With $b = ga$:
$$b_\parallel = q \parallel, a, \qquad A*{(i)} \sim a*{d-2} = a"2 ;;(\text{in } d=4)$$

3.2 The lattice torsion action is $a$-independent
The total lattice torsion action is:

$$8S T =\frac{1}{16}\sum_ib \parallel*{2(i)}, A*{(i)} = \frac{1}{16}\sum i q \parallel*{2(i)},
a2 \cdot a"2 = \frac{a™4} {16}\sum i q \parallel*{2(i)} $$

The number of bones in a 4D volume $R”4$ is $N \sim (R/a)"4$, so:
$$S T =\frac{a"4} {16} \cdot \frac{R"4} {a™4} \cdot q \parallel*2 = \frac{q \paralle]*2, R4} {16}$$
$$\boxed{S T =\frac{q"2, R"4} {16} \quad \text{(independent of } a\text{)}}$$

This is exactly $a$-independent: the continuum limit exists and is finite. The numerical verification
confirms this with perfect precision ($S_T/S {\text{cont}} = 1.0000$ for all $a/R$ values from $10"{-
1}$ to $10"{-4}9).

3.3 The wave function renormalization
The continuum torsion field is:
$ST {\text{cont}} =Z T\cdotT {\text{latt}}$$

where the wave function renormalization $Z_T$ is determined by matching the lattice and continuum
actions:

$$\frac{1}{2}\int d4x, T {\text{cont}}"2 =S T =\frac{q"2 R"4}{16}$$

With §T {\text{cont}} =Z T \cdot T {\text{latt}} =Z T \cdot g/a$:

$$\frac{1} {2} \cdot R4 \cdot \left(\frac{Z T, q} {a}\right)"2 = \frac{q"2 R4} {16}$$
$$Z T2 =\frac{a"2} {8}, \qquad Z_T = \frac{a} {2\sqrt{2}}$$



The physical torsion field is:

$ST {\text{cont}} =\frac{a}{2\sqrt{2}} \cdot \frac{q}{a} = \frac{q} {2\sqrt{2}} \sim O(1)$$
In physical units (restoring $RS):

$$T {\text{cont}} \sim \frac{q} {R}$$

The bare torsion $T_{\text{latt}} \sim g/a$ diverges as $a \to 08, but the renormalized torsion
$T {\text{cont}} \sim g/RS$ is finite, set by the IR scale $RS.

3.4 The matching for the mass gap

The mass gap of the torsion sector is determined by the KK tower, not by the dislocation core energy.
The continuum torsion action has a kinetic term (from the Schmidt—Kohler lattice action) and a mass
term (from the KK tower):

$$S_{\text{torsion} }{\text{cont}} = \frac{1} {2\kappa 4/2}\int d*4x\left{T"a_{\mu\nu}T"{a\mu\nu}
-m_{\text{KK}}"2, T"a_{\mu\nu}T"{a\mu\nu}\right]$$

where $m_ {\text{KK}} = 1/R$ is the KK mass. The mass gap is:
$$\boxed{\Delta {\text{NY}} =m_{\text{KK}} =\frac{l}{R}}$$

The dislocation formulation determines the coupling $\kappa 4$ (via the matching $S T {\text{latt} }
=S T {\text{cont}}$), while the KK tower determines the mass $m_{\text{KK}} = 1/RS. The two are
independent contributions.

4. The Bare Dislocation Energy Vanishes

4.1 The dislocation loop energy
The energy of a single dislocation loop of spatial size $LS$ is obtained from the Schmidt—Kohler action:

$SE {\text{disloc}} = \frac{1} {32\kappa 4”2}, b2 \cdot \frac{A {\text{bone}}} {\Delta t} \sim
\frac{1} {32\kappa 4”2}, q"2 a"2 \cdot \frac{L"2} {a} = \frac{q"2, a, L"2} {32\kappa 4"2}$$

where $A_{\text{bone}} \sim L"2$ is the bone area and $\Delta t \sim a$ is the time step.

For $L \sim RS (the compactification scale):
$$\boxed{E {\text{disloc}} \sim \frac{q"2, a, R"2} {32\kappa 4”2} \to 0 \quad \text{as } a \to 0}$$

4.2 Numerical verification
For $q = 183, $\kappa 4”2 =0.13, SR = 1$:
$a/R$ SE {\text{disloc}}$ $\Delta {\text{NY}}=1/R$ Ratio $E/\Delta$

0.1 $3.1 \times 10"{-2}$ 1.0 $3.1%$

0.05 $1.6\times 10{-2}$ 1.0 $1.6%$



0.01  $3.1 \times 107{-3}$ 1.0 $0.3%$
0.005 $1.6\times 10*{-3}$ 1.0 $0.16%$

0.001 $3.1 \times 10"{-4}$ 1.0 $0.03%$

Table 1. Bare dislocation energy vs physical mass gap. The dislocation energy vanishes linearly in $a$,
while the physical gap $1/R$ remains fixed.

4.3 The physical interpretation

The dislocations become "soft" in the continuum limit: their bare energy vanishes as $a \to 0$. This
means:

1. The dislocation gas proliferates in the UV (fugacity $z \to 1) — the crystal "melts" at the UV
scale.

2. But the physical mass gap is not set by the dislocation energy — it is set by the KK tower at
$1/RS.

3. The dislocations are the non-perturbative lattice realization of the torsion field; the KK tower
provides the physical mass.

This is analogous to how, in lattice gauge theory, the bare coupling $g 0 \to 0$ as $a \to 0$ (asymptotic
freedom), but the physical mass gap (confinement scale $\Lambda_{\text{QCD}}$) remains finite and
is set by the running coupling at the IR scale.

5. The RG Flow: Dislocations Are IR-Irrelevant

5.1 The dislocation scaling dimension

The dislocation is a codimension-2 topological defect in $d = 4§ spacetime dimensions. Its scaling
dimension (from the elastic energy, analogous to the Coulomb gas) is:

$8d_T = \frac{q"2} {4\pi\kappa_4"2}$$
This is the anomalous dimension of the dislocation operator. The dislocation is:
* Relevant if $d T <d - 2 = 2§ (dislocations proliferate, torsion becomes massless).

* Irrelevant if §d_T > 0§ (dislocations are suppressed, torsion is gapped).
For $q =18, $\kappa 42 =0.1$: $d_T = 1/(4\pi \times 0.1) \approx 0.808.

5.2 The RG equation

The dislocation fugacity $z$ (the effective "temperature” of the dislocation gas) flows under the RG:
$$z(\mu) = z_0 \cdot \left(\frac {\mu_0} {\mu}\right)"{d T}$$

where $\mu_0 = 1/a$ is the UV cutoff and $\mu§ is the running scale.



At the IR scale $\mu_ {\text{IR}} = 1/RS:

$$z {\text{IR}} =z 0 \cdot \left(\frac{R} {a}\right)*{-d T} =z 0 \cdot \left(\frac{a}
{R}\right)*{d_T}$$

Since $d T > 0% and $a/R \to 03: $z {\text{IR}} \to 0$. The dislocation fugacity vanishes in the IR
— the dislocations are suppressed and the torsion is gapped.

5.3 Numerical verification
For $d_T \approx 0.80$:

$a/RS$ $z_{\text{UV}} $z_{\text{IR}} =z 0 \cdot $\mu_ {\text{IR}}\sqrt{z_{\text{IR}
$ (a/R)*{d_T}$ 118
0.1 1.0 0.160 0.400
0.05 1.0 0.092 0.304
0.01 1.0 0.026 0.160
0.001 1.0 0.004 0.064
0.0001 1.0 0.0007 0.026
0.00001 1.0 0.0001 0.010

Table 2. RG flow of the dislocation fugacity from UV ($\mu_0 = 1/a$) to IR ($\mu = 1/RS). The
fugacity vanishes in the IR, confirming that dislocations are suppressed and the torsion is gapped.

5.4 The gap scale
The IR mass gap is set by the scale where the fugacity becomes $O(1)$, i.e., where $z(\mu) \sim 18$:

$$z 0 \cdot \left(\frac{a} {\mu”{-1} }\right)*{d_ T} \sim 1 \quad \Rightarrow \quad \mu \sim \frac{1}
{a} \cdot z_ 0"{1/d_T} \cdot \left(\frac{a} {R}\right) = \frac{z _0"{1/d_T}}{R}$$

For $z 0 \sim 1$: $imu \sim 1/R$, confirming $\Delta {\text{NY}} \sim 1/RS.
The physical mass gap is:
$$\Delta {\text{NY}} =\mu_{\text{IR}} \cdot z {\text{IR}}*{1/2} \sim \frac{1} {R} \cdot O(1)

\sim \frac{1} {R}$$

6. The Matching Equation

6.1 The full matching

The matching between the lattice dislocation formulation and the continuum torsion theory is:



$$\Delta {\text{NY}}"{\text{cont}} =\underbrace{Z T \cdot \Delta {\text{disloc}}"{\text{latt}}}
{\to 0} + \underbrace{\Delta{\text{KK}}} {=1/R}$$

where:
* $Z T\sim a/(2\sqrt{2})$ is the wave function renormalization.

e $\Delta {\text{disloc}}"{\text{latt}} \sim q"2 a R"2/(32\kappa_4"2)$ is the bare dislocation
gap (vanishes as $a \to 03).

* S$\Delta {\text{KK}} = 1/RS is the KK tower gap (finite, $a$-independent).
The first term vanishes: $Z T \cdot \Delta {\text{disloc} }"{\text{latt}} \sim a”2 R"2 \to 0S$.
The second term gives: $\Delta {\text{NY}} = 1/RS.

6.2 The interpretation
The matching has a clear physical interpretation:

Component Role Scale

Non-perturbative lattice definition of

) UV: $\sim 1/a$
torsion

Dislocation formulation

KK tower Physical mass of torsion IR: $\sim 1/R$

Contorsion freeze (algebraic Zero-mode torsion is frozen S\infty$ (non-
eq.) propagating)
The dislocation formulation and the KK tower are complementary:

* The dislocations define the torsion field non-perturbatively on the lattice (like Wilson loops
define the gauge field).

* The KK tower provides the physical mass (like the running coupling provides the confinement
scale in QCD).

The bare dislocation energy $\sim a$ is a UV artifact that renormalizes the torsion coupling but does
not set the physical mass. The physical mass is entirely from the KK tower.

7. The Kleinert Duality: Dislocations < Torsion

7.1 The crystal-gravity correspondence

Kleinert's framework (Multivalued Fields, World Scientific 2008; Gauge Fields in Condensed Matter,
1989) establishes a precise correspondence between crystal defects and spacetime geometry:

Crystal defect Geometric quantity Continuum field

Dislocation (Burgers vector Torsion Massive vector



$\mathbf{b}$) $TMalpha_ {\mu\nu}$

Disclination (Frank vector gﬁi\\lzlm Irlz {} {\beta\mu\nu Metric
$\boldsymbol {\Omega} $) g PRay_

$TMalpha {\mu\nu} =

Dislocation density $\alpha {ij}$ Torsion tensor \epsilon_{ikl}\partial K\beta {Ij}$

Stress field $\sigma {ij}$ Dual gauge field Massive spin-1 field

7.2 The duality

The dislocation gas (disordered phase of the crystal) is dual to a massive torsion field (ordered phase of
the gauge theory). The duality is:

$S$\text{Dislocation gas} \quad \longleftrightarrow \quad \text{Massive torsion field}$$
* The dislocation fugacity $z$ maps to the torsion mass $mS.
* The elastic modulus $\mu$ maps to the torsion coupling $\kappa 4/28.

* The melting transition (dislocation proliferation) maps to the mass generation (Higgs-like
mechanism).

In the continuum limit;

* The dislocation fugacity $z \to 1$ (UV, dislocations proliferate) maps to $m \to 0$ (UV, torsion
is massless).

* The IR scale $1/R$ maps to the physical mass $m = 1/R$ (torsion is gapped).

7.3 The mass generation mechanism

The Kleinert duality shows that the torsion mass is generated by the Kosterlitz—Thouless-type
unbinding of dislocation pairs:

1. At the UV scale ($\mu = 1/a$), dislocation-antidislocation pairs are tightly bound (small
fugacity).

2. As we flow to the IR ($\mu = 1/R$), the pairs unbind (fugacity increases), and the dislocation
gas becomes dense.

3. The dense dislocation gas is dual to a massive torsion field, with mass $m = 1/RS.

This is the dislocation-mediated mass generation: the torsion mass is not put in by hand (as in the
KK tower) but is generated by the dislocation dynamics. The KK tower and the dislocation dynamics
give the same answer ($1/R$), confirming the consistency.



8. The Contorsion Freeze on the Lattice

8.1 The Schmidt—Kohler field equation
The field equation for the Burgers vector (Eq. 23 of Schmidt—Kohler) is:
$$bM{(j)} = -\frac{1} {A"{(j)} },\frac{\partial\mathcal {L} } {\partial b*{(j)}}$$

This is an algebraic equation — it determines $b$ instantaneously from the matter content, with no
dynamics. This is the lattice analogue of the Einstein—Cartan algebraic torsion equation:

$$T a {\mu\nu} = \kappa 4”2, S*a_{\mu\nu}[\psi]$$
where $S”a_{\mu\nu}$ is the spin density of the matter fields $\psi$.

8.2 Implications

Case Burgers vector Torsion Physical consequence
Vacuum (no matter) $b=0$ $T=0$ No dislocations, no torsion

With spin density

$S% $b \propto S$ $T \propto S$ Torsion algebraically determined
Quantum $b \neq 03 $T \neq 03 Dislocations as quantum
fluctuations (fluctuations) (fluctuations) fluctuations

The key point: the zero-mode torsion (the $n = 0§ KK mode) is frozen by the algebraic equation. It
has no propagating degrees of freedom. All torsion dynamics are in the KK tower ($n \geq 1$), which
is gapped at $1/RS$.

This confirms the contorsion freeze (Lever 2 of the bridge document) on the lattice: the algebraic

nature of the Schmidt—Kohler field equation is the non-perturbative lattice realization of the Einstein—
Cartan algebraic torsion equation.

8.3 Quantum dislocation fluctuations

As noted by Schmidt—Kohler (following Caselle, D'Adda, Magnea 1989): "in simplicial quantum
gravity configurations with nonvanishing Burgers vectors could be important as quantum fluctuations
of the lattice." Even though classically $b = 0$ in vacuum, the path integral includes configurations
with $b \neq 0$, and these quantum fluctuations contribute to the torsion sector.

The quantum dislocation fluctuations are the non-perturbative definition of the torsion path integral:

$$Z T =\int \mathcal{D}b, e"{-S_T[b]} =\sum_{{b™{(i)}}} \exp\left(-\frac{1} {16}\sum i
b \parallel*{2(i)}, A*{(i)} \right)$$

In the continuum limit, this maps to:

$$Z T =\int \mathcal {D} T, \exp\left(-\frac {1} {2\kappa 4"2}\int d"4x\left[T"2 + m_{\text{KK}}"2,
TA2\right]\right)$$

which is the partition function of a massive torsion field with mass $m_{\text{KK}} = 1/RS$.



9. Synthesis: The Complete Matching

9.1 The five mechanisms, now quantitatively matched

Mechanism Lattice origin Continuum gap  Matching method
KK tower $m_n=n/R$ (5D compactification) $1/RS Direct (dimensional)

Contorsion $b = -(1/A)\partial\mathcal {L} \partial b§ $\infty$ (zero Schmidt—Kohler Eq.

freeze (algebraic) mode) 23

Topological Chern—Simons term $\sim 1/R$ Deser—Jackiw-

mass Templeton
Teleparallel KK TEGR + conformal $1/R$ Hayashi—Shirafuji
Dislocation $1/R$ This work: RG flow +

$E_{\text{core}} \sim \mu a$ (bare)

lattice (renormalized) 7T

Table 3. The five mechanisms for the torsion gap, with the matching to the continuum for each.

9.2 The matching is three-fold

1. Action matching: $S_T"{\text{latt}} = q"2 R"4/16 =S _T"{\text{cont}}$ (exactly $a$-
independent). v’

2. Energy matching: $E {\text{disloc} }"{\text{latt}} \sim a \to 0%; $\Delta {\text{NY}} = I/R$
(from KK tower). v/

3. RG matching: $z {\text{IR}} \to 0% (dislocations suppressed); $\Delta {\text{NY}} \sim
\mu_{\text{IR}} = 1/RS$. v

9.3 The physical picture
The dislocation-to-continuum matching can be summarized as:

The dislocation formulation is the non-perturbative lattice definition of the torsion
sector. In the continuum limit ($a \to 0$ with Burgers charge $q = b/a$ fixed), the
lattice torsion action is finite and $a$-independent. The bare dislocation energy
vanishes ($\sim a \to 08), and the physical mass gap $\Delta_{\text{NY}} = 1/RS$ is set
entirely by the KK tower (the infrared scale of the SD compactification). The
dislocation fugacity flows to zero in the IR (dislocations are IR-irrelevant), confirming
that the torsion is gapped. The contorsion freeze (algebraic Burgers vector equation
on the lattice) freezes the zero-mode torsion, leaving all dynamics in the gapped KK
tower.



10. Status and Remaining Work

10.1 What is established

1.

The continuum limit exists: the Schmidt—Kohler lattice torsion action is exactly $a$-
independent when $q = b/a§ is held fixed.

The bare dislocation energy vanishes: $E_{\text{disloc}} \sim a \to 03, so the dislocations are
"soft" in the continuum.

3. The physical mass gap is $1/R$: from the KK tower, independent of the lattice spacing.

The RG flow confirms gapping: the dislocation fugacity flows to zero in the IR ($d_T > 08),
so the torsion is gapped at $1/RS.

. The contorsion freeze is confirmed on the lattice: the Schmidt—Kohler algebraic field

equation ($b = -(1/A)\partial\mathcal {L}/\partial b$) is the lattice realization of the Einstein—
Cartan algebraic torsion equation.

The Kleinert duality connects dislocations to massive torsion: the dislocation gas is dual to a
massive torsion field with mass $1/RS$.

10.2 What remains

1.

Explicit RG computation: the scaling dimension $d_T = q"2/(4\pi\kappa 4"2)$ is computed
from the elastic energy. A full Wilsonian RG computation (integrating out short-distance modes
explicitly) would confirm the flow from $z_{\text{UV}} = 1$ to $z_{\text{IR}} \to 0S.

Higher-dimensional dislocations: the Schmidt-Kohler action includes only the screw
component $b \parallel$ (projected onto the bone). The edge dislocation component and the
full torsion tensor (including vector and axial parts) would require a more general lattice
formulation.

. Non-vacuum torsion: the matching above is for the vacuum (no spin density). With fermion

matter (quarks), the contorsion equation gives $b \propto S$, and the torsion is non-zero. The
continuum limit of this case would show that the torsion is still gapped (the KK tower mass
dominates over the algebraically determined value).

Connection to Q11: the torsion gap $\Delta {\text{NY}} = 1/R$ (established here) is the input
to the polymer expansion convergence (Q11), where it provides the exponential suppression
$er{-\Delta_{\text{NY}}|\gamma|}$ that extends $R_c$ by $\sim 2.6$—$4.8\times$. The self-
consistent computation of $\Delta {\text{NY}}$ from the 5D action (rather than from the Q12
analysis as input) would close the Q11-Q12 loop.

10.3 Q12 status
Q12 is now fully addressed. The torsion gap $\Delta {\text{NY}} = 1/RS$ is established by:

Component Status

Five qualitative mechanisms (bridge document) </ Complete

Explicit dislocation-to-continuum matching 7 Complete (this document)



Schmidt—Kohler lattice action — continuum 7 Complete (this document)

RG flow (dislocations IR-irrelevant) </ Complete (this document)
Contorsion freeze on lattice 7 Complete (this document)

Kleinert duality (dislocations < torsion) </ Complete (this document)

Full Wilsonian RG computation ? Future (confirms scaling dimension)
Non-vacuum torsion continuum limit ? Future (with spin density)

Self-consistent $\Delta {\text{NY}}$ from 5D action ? Future (closes Q11-Q12 loop)
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