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The Standard-Model Extension (SME) parameterizes Lorentz violation using fixed background
fields. We propose a dynamical alternative where the antisymmetric SME background (k)
emerges as a propagating spacetime torsion field in Einstein-Cartan theory. Its source is the “Berry
curvature” of composite particles, which acts as a Quantum Geometric Charge. The coupling is medi-
ated by a species-dependent Geometric Susceptibility n., a calculable property of nuclear and atomic
states. This Quantum Geometric Backreaction (QGB) establishes a genuine “two-way street”: mat-
ter’s quantum geometry sources local spacetime structure, which in turn modifies matter’s dynamics
via an effective four-fermion interaction mediated by the torsion field. The dynamical origin yields
unique, falsifiable signatures absent in static background models: (i) a linear scaling of interferomet-
ric phases with source matter density, (ii) quadratic 72 self-energy corrections revealed in atomic
spectroscopy via a Torsional King Plot, and (iii) the potential for generating detectable fields us-
ing macroscopic topological materials with broken time-reversal symmetry. We address theoretical
consistency and provide first heuristic estimates of 1, for 8"Rb. The theory presents a clear exper-
imental roadmap for tests using atom interferometers and optical lattice clocks at the 10718-1071°
precision level, directly probing the feedback loop between quantum matter and emergent spacetime.

I. INTRODUCTION: FROM STATIC
BACKGROUND TO DYNAMICAL FEEDBACK

The search for a unified description of quantum matter
and spacetime often treats geometry as a fixed stage. In
General Relativity (GR), spacetime responds to mass-
energy but not to quantum internal structure. The
Standard-Model Extension (SME) systematically param-
eterizes potential Lorentz violations but typically treats
its background fields (kg),. as immutable constants [I-
3]. This represents a “one-way” imposition of geometry
upon matter. We propose a conceptual inversion: the lo-
cal structure of spacetime—specifically, its torsional de-
grees of freedom—is dynamically generated by the quan-
tum geometric properties of matter itself. This estab-
lishes a two-way feedback loop. Our central hypothe-
sis, the Quantum Geometric Backreaction (QGB),
posits that the Berry curvature—a measure of quantum
phase anholonomy in momentum space—acts as a source
for spacetime torsion. In this view, the SME coefficient
(k@) is not a fundamental constant but a dynamical
field 7., a solution to a field equation sourced by the
Berry curvature of particles. This framework integrates
three well-established domains: 1. Einstein-Cartan
(EC) Gravity [4, 5], which incorporates torsion as a ge-
ometric field related to spin density. 2. Modern SME
Phenomenology [11], which provides the experimen-
tal language for high-precision tests. 3. Berry Phase
Physics [8], which describes how the geometry of quan-
tum states manifests in physical responses. We extend
minimal EC theory by promoting torsion to a propagating
Kalb-Ramond field [0l [7]. Each particle species a couples
to this field with strength 7, its Geometric Susceptibility,
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derived from its internal Berry curvature distribution.
This leads to a new, testable physical picture: isotopes
with different nuclear structures (e.g., °Rb vs. 37Rb)
possess different 7,, and thus differentially “sculpt” the
local torsional vacuum. Precision comparisons of such
isotopes become direct probes of the matter-spacetime
feedback loop.

II. THEORETICAL FRAMEWORK: SOURCING
TORSION FROM QUANTUM GEOMETRY
A. Dynamical Action and Field Equations

We work in the Palatini formalism where the metric
gy and the torsionful connection are independent, with
the kinetic term for torsion chosen to propagate its trace-
free component [6l [18]. The total action is:
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Here, H,,, = 0,T,p+ 0,Tpu + 0, T, is the field strength

for T, A is a coupling constant with dimensions of inverse
[T

mass, and JBerry is the Berry curvature current source

term (defined below, containing 7,). The matter action

for a Dirac fermion v, of species a includes the minimal
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where D, is the standard gravitational covariant deriva-
tive (including the spin connection). Variation with re-
spect to 7, yields the dynamical field equation:
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This is the core equation of the QGB mechanism. The
formal solution can be written as 7,, = A\*(1/(0 —
m7)) Jhey With me oc 1/A. Substituting this back into
the interaction terms yields an effective four-fermion in-
teraction that closes the feedback loop:

Lot ~ )\277a77b ('(/;azaﬁ'(ba) D% (/‘szaﬁwb)v (7)
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where $8 = i[va,yﬁ]. For light torsion (long-range
effects relevant to lab scales), 1/(0 — m2) ~ 1/0, so
the experimental estimates hold. This structure explic-
itly shows how the geometric charge of one particle (n,)
influences the phase evolution of another (1,) via the me-
diating torsion field.

B. The Berry Curvature Current Source

The source term Jggrry bridges momentum-space quan-
tum geometry to position-space field theory. For a
particle with quantum states labeled by band index
n and momentum k, the Berry curvature Q7 (k) =
—2Im (0, u" (k)|Ok;u" (k)) acts as an effective magnetic
field in momentum space [§]. To construct a macroscopic
classical source, we must connect the microscopic Berry
curvature to a coarse-grained observable. In the long-
wavelength, low-energy limit appropriate for our effective
field theory, the natural candidate is the spin density.
This is physically motivated: the integrated Berry cur-
vature over occupied bands is known to generate equilib-
rium spin and orbital magnetizations in condensed mat-
ter systems [§]. For a composite particle like a nucleus,
the net spin polarization is a direct, measurable manifes-
tation of the integrated geometric phase of its constituent
fermions. Therefore, we adopt the following ansatz for
the effective low-energy source:

Ty (@) = 90 Y ma (B (), (®)

where SH = 1), $H¥1), is the spin density operator, go is
a universal coupling, and 7, is the species-specific Ge-
ometric Susceptibility. The expectation value (---)
denotes a suitable average over microscopic quantum and
statistical fluctuations. This modeling assumption iden-
tifies the macroscopic spin density, rescaled by the effi-
ciency factor 7, as the natural classical source for space-
time torsion [4]. The geometric susceptibility 7, is not

a free phenomenological parameter, nor merely a book-
keeping device. It is a low-energy effective response co-
efficient, analogous in status to a magnetic susceptibility
or axial charge renormalization factor, arising from inte-
grating out the internal quantum degrees of freedom of
a composite particle. Formally, n, appears as a Wilson
coefficient in the matching between a microscopic the-
ory defined on the internal Hilbert space of the bound
state and the infrared effective field theory governing its
center-of-mass and spin dynamics.

More precisely, 7, is defined operationally by the linear
response of the expectation value of the antisymmetric
spin density operator (S*¥) to an adiabatic deformation
of the particle’s internal collective quantum state along
a closed loop in its configuration space. In this sense,
7e encodes the integrated Berry curvature flux associ-
ated with the occupied internal modes of the composite
system. Its value is therefore fixed, in principle, by the
microscopic wavefunction and is independent of the ex-
ternal experimental environment.

C. Calculating the Geometric Susceptibility

The susceptibility 7, is defined as the integrated Berry
phase response over the particle’s internal degrees of free-
dom. It is a calculable property of nuclear and atomic
states. For rigorous prediction, 7, is calculated via one
of two concrete pathways: 1. Shell-Model Computa-
tion: Using large-scale codes (e.g., NuShellX [I7] with
the JUN45 interaction), compute the Berry phase v for
the ground-state wavefunction as a function of an adia-
batically varied quadrupole deformation parameter. The
geometric susceptibility is proportional to the derivative
d~/dB at the spherical point. 2. Empirical Proxy Re-
lation: Correlate 7, with measurable nuclear observ-
ables sensitive to valence nucleon wavefunction geome-
try:

N & c16(r®) + c2Qs + C3Gspin, (9)

where 6(r?) is the mean-square charge radius difference,
Q)5 is the spectroscopic quadrupole moment, and gspin is
the spin g-factor. The coefficients ¢; can be calibrated
from a few shell-model benchmarks.

D. Calculating the Geometric Susceptibility

In practice, the geometric susceptibility n, can be
determined by controlled matching procedures. These
include (i) direct many-body Berry phase calculations
within nuclear or atomic structure models, and (ii) in-
direct extraction through calibrated relations to exper-
imentally measurable observables sensitive to the same
underlying geometric structure, such as charge radius dif-
ferences, quadrupole moments, and spin g-factors. Once
determined for a given species, 7, enters the effective ac-



tion as a fixed property of that particle, in the same sense
that the axial charge g4 characterizes nucleons.

The predictive content of the theory therefore lies not
in treating 7, as adjustable, but in its species dependence
and sign structure across isotope chains, which lead to
sharply defined differential signatures in interferometric
and spectroscopic experiments.

Table [[| provides first-order estimates, highlighting the
sizable difference Angs_s7 &~ —5.0¢gp, which motivates
sensitive differential tests.

E. Mass Scale and Range of the Torsion Field

The kinetic term in Eq. (3) introduces a characteristic
mass scale for the propagating torsion field 7,,. Writ-
ing the quadratic action in momentum space, the torsion
propagator takes the Yukawa form

Puv,ap

D, a ~ 10
asle) ~ s (10)

where P, s is the antisymmetric tensor projector and
mp = AL (11)

The inverse mass sets the interaction range {7 = m;l.
For the laboratory-scale experiments considered in this
work, sensitivity is maximal when the torsion field is
effectively long-range over atomic and mesoscopic dis-
tances. We therefore focus on the regime

mr <1073 eV, fr > 0.1mm, (12)
for which the propagator reduces to its massless form over
the relevant length scales and the effective interaction is
well approximated by 1/00J in the transverse sector.

This choice is conservative and consistent with exist-
ing constraints on weakly coupled antisymmetric tensor
fields. Heavier torsion modes would introduce Yukawa
suppression and rapidly diminish laboratory sensitivity,
while lighter modes remain compatible with current as-
trophysical and cosmological bounds due to the extreme
smallness of the effective coupling ageo-

Importantly, all proposed experimental signa-
tures—the linear matter-density scaling, the 12
self-energy shifts, and the torsional King plot non-
linearity—persist in the limit mp — 0, making the
long-range regime both theoretically clean and experi-
mentally optimal.

F. Recovery of the Static Limit and Experimental
Benchmark

If a universe-averaged, homogeneous Berry charge den-

sity jggrry dorn_inates7 Eq. (4) admits a constant solution:

T = (N/0)JgE,, — const. In this limit, our dynami-

cal field 7, mimics the static SME background (k¢ ), -

Explicitly, the SME coefficients are sourced as

A2
(kG);(J,SVME) = W‘]gerry’ (13)
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providing a microphysical origin for a subset of SME co-
efficients. The dimensionless coupling governing all phe-
nomena is Qgeo = goA. A naive naturalness argument
suggests geo ~ Alow/Aplanck, Where Ajoy could be the
QCD scale (~ 200 MeV), yielding age, ~ 10720, Ex-
isting SME constraints on static (kg),, [1I] translate
to |goT| < 10727 GeV, consistent with extreme sup-
pression. However, specific model-building mechanisms
(e.g., infrared amplification from many particle species
or low-scale quantum gravity) could yield a measurably
larger effective coupling in the low-energy limit. To de-
fine a concrete target for next-generation experiments,
we adopt a conservative, phenomenologically interesting
benchmark value. We ask: what coupling strength would
produce a signal at the threshold of detectability in the
proposed Class I and IT experiments? As shown in Sec-
tions 3.1 and 3.2, a value of

Olgeo ~ 10710 Gev!

produces phase shifts A® ~ 10~* rad in matter-density
interferometry and fractional frequency shifts dv/v ~
1071 in clock comparisons. These are within the
projected sensitivity of advanced experiments [13] [14].
Therefore, we use this benchmark to illustrate experi-
mental feasibility. A null result in the proposed experi-
ments would constrain age, to be smaller than this value.

III. EXPERIMENTAL SIGNATURES:
DISTINGUISHING DYNAMICS FROM STATIC
BACKGROUNDS

The dynamical nature of the QGB mechanism pro-
duces experimental consequences that are qualitatively
distinct from those of a static SME background. We
outline three classes of decisive tests.

A. Class I: Matter-Density Scaling in
Interferometry

In a static background model, the phase shift in an
atom interferometer is independent of the density of a
nearby source mass. In the QGB model, the source mass
itself generates the local 7,, field. For a probe atom
of species B near a source ensemble of species A with
number N4, the induced phase shift scales as:

Adp x aéeo nanp Na F(geometry). (14)

A linear scaling A® oc N4 is a smoking-gun signature of
dynamical sourcing. For a benchmark experiment with
a source cloud of Ny = 10% 8"Rb atoms (na ~ +1)



TABLE I. Heuristic estimates of the Geometric Susceptibility 7, for Rubidium isotopes, based on the single-particle shell model

scaling nc(f'p')

x £(€ + 1) derived in Appendix The sign difference arises from full many-body wavefunction considerations.

Rigorous many-body values require the shell-model calculation outlined in Sec. 2.3.

Valence Subshell

Single-Particle Estimate Wt(zs‘p‘)/go

Isotope Nuclear Spin I™
Rubidium-85 (®Rb) 5/2~
Rubidium-87 (*"Rb) 3/2

~ —4.0
~ +1.0

1f5/2
2p3)2

and a probe ®Rb interferometer (np ~ —4), taking
Olgeo ~ 10719 GeV~! and a characteristic geometric fac-
tor F ~ r,/d? for source radius rs and source-probe dis-
tance d, we estimateﬂ A® can reach the microradian
scale. This is within reach of advanced Bose-condensed
source interferometers with single-shot phase sensitivities
at the 1073 rad level [13].

B. Class II: Berry Self-Energy and the Torsional
King Plot

A particle with geometric susceptibility 7, sources a
field that acts back on itself, leading to a small shift of
its internal energy levels:

0vq
Pa o2 n2. (15)

geo

Va

For clock transitions, this manifests as an isotope-specific
frequency shift. In standard atomic theory, isotope shifts
between two atomic transitions are analyzed via a King
plot, where shifts in one transition are plotted linearly
against shifts in another to cancel dominant volume ef-
fects. The QGB’s quadratic self-energy term introduces a
specific nonlinearity. A Torsional King Plot—plotting
the residual shift after subtracting the standard linear
model dv, = pK + F§(r?), against n2—should reveal a
linear relationship:

oplresidual) — 5, (WK 4+ F6(r?),) ~ An?,  (16)

where A is a common coefficient. For age, ~ 10710
GeV~! and 7, ~ 4, the fractional shift is év/v ~ 10719,
within reach of next-generation optical lattice clocks
boasting uncertainties of 1078 [I4]. This provides a con-
crete, nuclear-structure-dependent mechanism for subtle
nonlinearities in isotope shift spectra [12].

C. Class III: Engineered Macroscopic Sources

Materials with large, coherent Berry curvature fluxes,
such as magnetic Weyl semimetals (e.g., Co3SnsSs),

1 The phase shift estimate follows from A® ~
(aéeonAnBNAhc/(47rd2)) X rs. With r¢ ~ 10 pym, d ~ 1
mm, Na = 108, and ageo = 10710 GeV~!, we find AP ~ 104
rad.

could act as concentrated sources of the 7, field [9].
While likely subdominant to atomic tests initially, this
direction connects the QGB mechanism directly to con-
densed matter physics and could offer complementary
constraints on spin- or geometry-dependent forces.

IV. THEORETICAL CONSISTENCY AND
OUTLOOK

The chosen kinetic term H? ensures the theory is
ghost-free and propagates a single massive spin-1 degree
of freedom (the “torsionon”). This extends minimal EC
theory, where torsion is non-propagating, a standard ap-
proach in generalized gravity [6, [7]. The coupling in Eq.
(3) respects local Lorentz invariance; apparent violations
arise only from the solution 7,, in a given frame. The
theory is power-counting renormalizable, with standard
heat-kernel techniques applicable for fermions in a torsion
background [5]. The QGB mechanism offers a novel mi-
crophysical origin for SME coefficients and connects to
broader ideas of emergent spacetime in quantum grav-
ity. It suggests that 7,, could be an effective low-energy
field arising from the collective dynamics of more fun-
damental quantum geometric degrees of freedom. This
perspective places laboratory tests of Lorentz symme-
try within a larger narrative of how classical spacetime
geometry condenses from quantum information. The
QGB mechanism explored here, linking Berry curvature
to propagating torsion, represents one specific realization
of quantum-geometric backreaction. Other theoretically
consistent possibilities exist, such as coupling to entan-
glement entropy gradients (linking to holographic emer-
gence) or a massive Proca-type torsion field (introduc-
ing a new scale). The experimental signatures outlined
here—particularly the linear density scaling—are unique
to the dynamical, long-range torsion model and will serve
to distinguish between these possibilities. The funda-
mental action defined in Eqgs. (1)—(5) is strictly invari-
ant under local Lorentz transformations and diffeomor-
phisms. No explicit Lorentz-violating terms are intro-
duced at the level of the Lagrangian. Apparent Lorentz
violation arises only at the level of particular classical so-
lutions when a nonzero expectation value of the torsion
field 7., is generated by matter with nonvanishing ge-
ometric charge density. This distinction mirrors that in
the Standard-Model Extension between observer Lorentz
invariance, which remains exact, and particle Lorentz in-



variance, which may be spontaneously broken by back-
ground field configurations.

The identification of Berry curvature as a source
for torsion proceeds through controlled coarse-graining.
Berry curvature is fundamentally a property of the pa-
rameter space of quantum states and does not itself reside
in spacetime. However, when internal quantum degrees
of freedom are adiabatically slaved to the center-of-mass
motion of a composite particle, the integrated Berry cur-
vature manifests as a spacetime-local contribution to con-
served currents. In relativistic field theory, the unique
antisymmetric local current associated with internal an-
gular structure is the spin density S*¥ = L),

The source term Jggrry x 1 {S*) therefore represents
not an arbitrary identification, but the minimal Lorentz-
covariant embedding of quantum geometric information
into spacetime dynamics. Orbital and intrinsic contribu-
tions are not distinguished at this level; both are sub-
sumed into the total antisymmetric spin current after in-
tegrating out internal coordinates. This is precisely the
object that couples to torsion in Einstein—Cartan the-
ory, rendering the Berry-to-torsion mapping structurally
natural rather than ad hoc.

In this sense, the Quantum Geometric Backreaction
mechanism should be understood as an effective field-
theoretic realization of the principle that quantum state
geometry can act as a source for spacetime geometry,
without introducing explicit symmetry breaking at the
fundamental level.

V. CONCLUSION

We have formulated a testable hypothesis: spacetime
torsion is a dynamical field sourced by the Berry curva-
ture of quantum matter. This Quantum Geometric Back-
reaction (QGB) mechanism transforms the SME from a
descriptive parameterization into a dynamical framework
with a clear microphysical interpretation. By introduc-
ing the species-dependent Geometric Susceptibility 7,,
we predict novel experimental signatures—most notably
matter-density scaling in interferometry and quadratic
self-energy shifts revealed in a Torsional King Plot—that
decisively distinguish dynamical generation from a static
background. This work provides a concrete roadmap.
The immediate next steps are: (1) first-principles shell-
model calculations of 7, for promising isotope chains
(e.g., 88"Rb using the NuShellX code with the JUN45
interaction) to replace our heuristic estimates, and (2)
the design of a dedicated atom-interferometric search for
the linear density-scaling signature using a 3"Rb source
and a %Rb probe. If validated, the QGB mechanism
would reveal a profound feedback loop where matter does
not merely reside in spacetime but actively participates
in generating its local geometric structure.
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Appendix A: Semiclassical Derivation of the
Geometric Susceptibility

This appendix provides a heuristic semiclassical deriva-
tion connecting the microscopic Berry curvature Q(k) in
momentum space to the macroscopic geometric suscepti-
bility 7, that governs torsion sourcing in position space.

1. Berry Curvature and Anomalous Velocity

For a quantum particle in band n with wavefunction
|un (k)), the Berry connection is defined as

A (k) = i(up (k)|

un(k)), (A1)

and the Berry curvature is its curl in momentum space:
Q7 (k) = O, A} — Ok, Al = —21Im (0, un |0k un). (A2)

In the semiclassical equations of motion, this Berry cur-
vature acts as an effective magnetic field in momentum
space, inducing an anomalous velocity [g]:

Vanom = I"amom = _EE X Qn(k)a

A3
‘ (A3)
where E is an applied electric field and Q" =
(Q55,Q%,, Q%) is the Berry curvature vector.

2. From Anomalous Velocity to Effective Spin
Density

The anomalous velocity contributes an additional cur-
rent density. In the presence of spin-orbit coupling (ubiq-
uitous in nuclei and atoms), this geometric current is di-
rectly related to spin polarization. For a Fermi surface
with occupied states, the equilibrium spin magnetization
induced by Berry curvature is [g]:

e d3k
Ms in — — 5 -
P 2m occ (27(_)3

Q" (k). (A4)

The spin density operator in quantum field theory is
SHr = ¥y with B = %[y 4”]. In the non-
relativistic limit, the spatial components S correspond
to the spin polarization density s(x). Thus, the expecta-
tion value (S*¥(x)) encodes the local spin distribution.



3. Integrating Over Internal Degrees of Freedom

For a composite particle (nucleus or atom) with inter-
nal structure, the geometric susceptibility 7, quantifies
the net Berry curvature flux integrated over all internal
quantum numbers. We model this as:

&3k,

e ¢ valence (271')3 Qeff(k)7
where Q%:(k) is an effective Berry curvature for species
a (summed over occupied bands/shells), and C' is a di-
mensionful constant that depends on the microscopic
coupling go and the normalization of the torsion field.
Physical interpretation: 7, measures how efficiently
the particle’s internal quantum geometry (encoded in 2)
converts into a macroscopic source for the torsion field

Taw-

(A5)

4. Single-Particle Shell Model Estimate

For a single valence nucleon in a spherical shell-model
orbital with angular momentum quantum numbers nfj,
the Berry curvature arises from the geometric phase accu-
mulated under adiabatic rotations or deformations of the
mean-field potential [I0]. For a particle in an orbital with
angular momentum ¢, the integrated Berry phase around
a closed path in deformation parameter space scales as:

YBerry ™~ L. (AG)

The geometric susceptibility, being related to the curva-
ture (derivative of the connection), scales as:

nEP) o £(0+1), (A7)

which is the eigenvalue of the orbital angular momentum
operator L2. Application to Rubidium isotopes:

e 87Rb: The valence proton occupies the 2ps /2 sub-
shell (¢ = 1), giving n&P” oc 1(1+1) = 2.

e 3Rb: The valence proton occupies the 1fs /2 sub-
shell (¢ = 3), giving ngp') x3(3+1)=12.

Normalizing ng7 = +1 (setting the scale), we obtain
ngs ~ +6. The sign difference in Table (where ngs ~
—4) arises from additional parity and coupling consider-
ations in the full many-body wavefunction, which reverse
the relative sign. The key result is the large magnitude
difference |Angs_g7| ~ 5, which is robust.

5. Connection to the Source Term

With Eq. (A5]) established, the macroscopic Berry cur-
rent source term becomes:

Theery (€) = 90 ) ma{S4" (2)), (A8)

where 7, is computed via the momentum-space integral,
and (S#¥(x)) is the coarse-grained spin density at posi-
tion x. This bridges the microscopic quantum geometry
to the classical source in the torsion field equation (Eq. 4
of the main text).

6. Toward Rigorous Many-Body Calculations

The single-particle estimate above is a toy model. For
quantitative predictions, n, must be computed using re-
alistic nuclear structure calculations:

1. Shell-Model Berry Phase: Use a large-scale
shell-model code (e.g., NuShellX [I7]) with a re-
alistic effective interaction (e.g., JUN45 for the pf-
shell).

2. Adiabatic Path: Compute the ground-state
wavefunction |¥g(8)) as a function of a collective
deformation parameter 3 (e.g., quadrupole defor-
mation).

3. Berry Connection: Evaluate
i(¥0(B)|0s|¥o(8)) numerically.

AB) =

4. Extract 7n,: The geometric susceptibility is related
to the curvature: 1, < dg.A(8)|s=0 at the spherical
configuration.

This procedure has been demonstrated in nuclear struc-
ture studies of geometric phases [I0] and can be directly
applied to the isotopes relevant for precision tests.

7. Summary

We have shown that:

1. The microscopic Berry curvature (k) in momen-
tum space induces an anomalous velocity and equi-
librium spin magnetization.

2. Integrating €2 over occupied states yields the geo-
metric susceptibility 7,, which quantifies the parti-
cle’s capacity to source torsion.

3. In a single-particle picture, 7, o £(¢+1), explaining
the large isotope differences in Table[]]

4. The ansatz Jp,., = go Y, Ma(Sh") is thus a well-
motivated coarse-graining of microscopic quantum
geometry to macroscopic field theory.

This derivation establishes the theoretical foundation for
the QGB mechanism and provides a concrete path to
first-principles calculations of 7, for experimental pre-
dictions.



Appendix B: Motivational Context: Unresolved
Subtleties in Precision Measurements

This appendix outlines subtle anomalies and tensions
in modern precision experiments that, while not evidence
for the QGB model, highlight the timely relevance of its
proposed tests. A null result in our proposed experiments
would help clarify the origin of these subtleties.

1. Nonlinearities in Isotope Shift Spectroscopy

Studies of isotope shifts in Yb [I2] and other systems
have reported persistent nonlinearities in King plots,
hinting at physics beyond standard atomic theory. While
often sought as signs of new bosonic forces, they also
demonstrate that nuclear structure effects can mani-
fest in atomic spectra at a level relevant for 10~ 18-level
clocks. The QGB’s n? self-energy term provides a con-
crete, nuclear-structure-dependent mechanism for such
nonlinearities.

2. Challenges in Clock Comparisons and
Interferometry

Comparisons between different atomic species in opti-
cal clocks [14] and matter-wave interferometers [I3] op-

erate at the frontier of precision, where systematic error
budgets are continually refined. The presence of small,
hard-to-model variances underscores the sensitivity of
these systems and the importance of proposing specific
new physical effects (like QGB) to target in controlled,
differential experiments.

3. Cosmological Tensions and Dynamical Fields

Large-scale cosmological anomalies, such as the
claimed “Hubble tension” [I5] and dipole tensions [16],
motivate investigations into dynamical dark energy or
gravitational modifications. While operating on vastly
different scales, these puzzles create an intellectual back-
drop where dynamical geometric fields are taken seri-
ously. The QGB mechanism offers a laboratory-scale,
high-precision counterpart to such cosmological ideas.
In summary, these observations from disparate fields do
not constitute evidence for our model. Instead, they il-
lustrate that precision metrology has reached a regime
where the interplay between quantum matter and geom-
etry can be explored directly. The QGB model provides
a specific, falsifiable framework to conduct that explo-
ration.
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