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The graviton is a hypothetical particle of modern physics that has yet to be directly detected.
Mainstream theories (string theory, loop quantum gravity) assume the graviton is a fundamental
particle. This paper proposes an alternative hypothesis based on complex adaptive system (CAS)
emergence theory: the graviton is not a fundamental particle, but rather an emergent phenomenon
arising from the collective quadrupole excitations of nucleons (and deeper quark—gluon degrees of
freedom) within atomic nuclei in the long-wavelength limit—analogous to phonons being quantized
lattice vibrations.

We establish a three-scale theoretical framework (quark—nucleon—nucleus) and verify the mathe-
matical structure of the conjecture through numerical simulations in simplified 3D lattice models:
nucleon collective quadrupole oscillations naturally possess spin-2 character, and their mass tends to-
ward zero in the long-wavelength limit. This conjecture bridges the “scale gap” between Sakharov’s
induced gravity (1967) and Verlinde’s entropic gravity (2011)—providing a concrete microscopic
mechanism for emergent gravity.

We present three independent numerical approaches (static Hessian diagonalization, QCD-inspired
bag model, and molecular dynamics time evolution) that converge on the existence of intrinsic low-
energy spin-2 collective excitations in nuclear matter with w ~ 0.6-2.0 MeV. We discuss the rela-
tionship with the fractional quantum Hall (FQH) emergent graviton, the Weinberg—Witten theorem
and four pathways around it, and propose three experimentally testable predictions accessible with

current nuclear physics facilities.

I. INTRODUCTION: THE GRAVITON AS THE
KEY TO THE FOURTH REVOLUTION

If the underlying mechanism of the graviton is un-
covered, it will not merely add another particle to the
Standard Model. It will be—after Newton’s classi-
cal mechanics, Einstein’s general relativity, and quan-
tum mechanics—the fourth paradigm revolution in
physics, reshaping the foundational cognition of human
civilization.

Consider what this means concretely. First, the ul-
timate unification of physics becomes attainable:
demonstrating the graviton mechanism implies that the
“geometric curvature” of general relativity is merely an
epiphenomenon of quantum gravity at the macroscopic
scale. Physicists will possess a unified mathematical
framework that writes the four fundamental forces—
gravity, electromagnetism, the strong force, and the weak
force—as a single set of equations, finally ending modern
physics’s greatest schism. Second, the nature of space-
time is overturned: smooth spacetime is revealed as an
illusion—spacetime is not a stage but a quantum entan-
glement network “woven” by countless gravitons (consis-
tent with the holographic principle). Third, the greatest
mysteries of astronomy—dark matter, dark energy,
black hole singularities, the Big Bang initial singularity—
may find their resolution in the collective behavior of
gravitons. Fourth, the door to gravitational engineer-
ing opens: from the passive observation of gravity to
the active “programming” of spacetime, humanity tran-
sitions from “observer of the universe” to “interpreter of
the laws of physics.”

“Uncovering the graviton mechanism elevates
human civilization from ‘fumbling in the dark for-
est’ to ‘walking alongside the creator’. This is not
merely the triumph of physics—it is the ultimate
vindication of human reason.”

Yet, more than a century after Einstein, the graviton re-
mains undetected. The two pillars of modern physics—
general relativity and quantum mechanics—face a funda-
mental contradiction in the domain of gravity. To incor-
porate gravity into the quantum mechanical framework,
physicists postulate the graviton: a spin-2, massless, un-
charged boson. However, owing to the extreme weakness
of gravitational interactions, a single graviton has never
been directly detected.

A deeper dilemma persists: even if string theory and
loop quantum gravity are mathematically self-consistent,
they confront a fundamental epistemological challenge—
how does a theory constructed at the Planck scale
(~ 1073% m) connect to observable nuclear physics (~
1071 m) in the laboratory? This spans 20 orders of
magnitude—what we call the scale gap.

A. Existing Emergent Gravity Theories and Their
Limitations

Sakharov [I] proposed “induced gravity”: gravity is
not a fundamental force, but a macroscopic induced ef-
fect of vacuum quantum fluctuations. For a modern re-
view of Sakharov’s mechanism, see Visser [2]. Verlinde [3]
proposed “entropic gravity”: gravity is an entropic force
arising from the distribution of microscopic degrees of



freedom on information screens, building on Jacobson’s
thermodynamic approach to spacetime [4]. Both theo-
ries share a common deficiency: they describe from where
gravity might emerge, but do not identify which specific
microscopic degrees of freedom serve as the emergence
source. More recently, Dvali and Venugopalan [5] es-
tablished a concrete correspondence between QCD color
glass condensates and black hole graviton condensates—
suggesting that QCD and gravity share a common “clas-
sicalization” mechanism, while Raj and Venugopalan fur-
ther explored the QCD-gravity double copy relation. Ji
[6] demonstrated that the QCD trace anomaly is the
dominant source of the proton’s mass, providing a di-
rect link between QCD energy-momentum structure and
gravitational source terms. For comprehensive overviews
of emergent gravity models, see Sindoni [7] and Volovik
[8]. This paper attempts to bridge that gap.

Furthermore, there is an ongoing revolutionary direc-
tion in condensed matter physics—the “emergent gravi-
ton” in fractional quantum Hall (FQH) systems. Golkar,
Nguyen, and Son [9] and Haldane, Liou et al. [10] demon-
strated that FQH liquids host spin-2 collective excita-
tions, experimentally observed in 2024. However, FQH
is a 2+ 1 dimensional electron system (analogue gravity),
whereas the present conjecture proposes genuine gravita-
tional emergence in 3 + 1 dimensional real nuclear/QCD
systems.

In the holographic QCD domain, an even more direct
precedent exists: Rinaldi and Vento [II] showed that
scalar and tensor glueball spectra can be interpreted as
graviton modes in the AdS5 bulk, a result independently
reinforced by Li [12] in the Witten-Sakai-Sugimoto model
where glueballs emerge as 11-dimensional gravitational
wave modes. On the lattice side, Hackett et al. [I3] com-
puted the gravitational form factors of the proton from
first-principles lattice QCD, and Abbott et al. [I4] pro-
vided the first lattice evidence for glueball gravitational
form factors. These developments establish an increas-
ingly concrete bridge between QCD energy-momentum
structure and gravitational phenomena—a bridge that
our conjecture extends from the holographic/analogue
domain to real 3 4+ 1 dimensional nuclear matter.

B. Core Conjecture

The graviton is an emergent phenomenon arising from
collective quadrupole excitations of nucleons (and deeper
quark—gluon degrees of freedom) within atomic nuclei in
the long-wavelength limit. Its logic derives from three
fundamental principles of CAS theory [I5] [16]: (1) ag-
gregation: nucleons form nuclei through strong interac-
tions; (2) nonlinearity: collective oscillations beyond crit-
ical thresholds produce emergence; (3) building blocks:
nucleons are fundamental blocks, quarks are subordinate
blocks.

In Zhang’s CAS framework [16], five heuristic analogies
motivate the application of emergence concepts across

disciplinary boundaries: flow[I7] (liu, the movement of
resources through a system), tagging[18] (biaoshi, mech-
anisms by which agents recognize and categorize one an-
other), catalytic reaction[I9] (cuihua, threshold-crossing
triggers that initiate reorganization), the hierarchical
pyramid[20] (jinzita, nested levels of emergent organiza-
tion), and three-dimensional integration[21] (sanwei, the
interplay of micro, meso, and macro scales). Each anal-
ogy is heuristic and does not imply structural isomor-
phism between CAS-defined adaptive systems and nu-
clear matter—a distinction elaborated in Section

II. THEORETICAL FRAMEWORK: NUCLEAR
DYNAMICS AS THE GRAVITON SOURCE

The interior of an atomic nucleus is not a static ar-
rangement of nucleons (protons and neutrons), but a
fiercely active quantum many-body system. To under-
stand how graviton-like excitations can emerge from this
system, we must distinguish three qualitatively differ-
ent types of nuclear motion, each operating at a distinct
energy and length scale. Together they form a natural
three-level hierarchy that parallels the emergence of col-
lective graviton modes.

A. L1: Independent Particle Motion — The
Nuclear Shell Model (~ 1-5 fm)

Nucleons occupy discrete energy levels (shells), anal-
ogous to electrons in atomic orbitals, but governed by
strong rather than electromagnetic interactions. Protons
and neutrons each fill their own shell sequences, form-
ing two interleaved “apartment buildings” of quantum
states. The Pauli exclusion principle dramatically sup-
presses nucleon—nucleon scattering: at low excitation en-
ergies, occupied levels below the Fermi surface block all
collision channels. The resulting mean free path of a nu-
cleon can exceed the nuclear diameter — a remarkable
manifestation of quantum coherence in a dense system.

At this level the fundamental degrees of freedom are

quarks (u, d, s) and gluons (8 color charges), governed
by QCD:

1 -
Sqcp = /d41‘ [—4F5VFGW + (i Dy —m)y |, (1)

where Fy, = 0, A — 0, 4], —i—gsf“bCAZA,ﬁ and D, = 0, —
igsAyt®. We adopt the MIT bag model as an effective
confinement approximation for the nucleon interior.
However, the shell model alone cannot explain the full
story. The magic numbers (2, 8, 20, 28, 50, 82, 126) mark
exceptional stability—nuclei with closed shells resist ex-
citation and deformation. But nuclei with N and Z far
from these magic numbers exhibit strong quadrupole de-
formation: they are shaped like rugby balls (prolate) or
flying saucers (oblate), not spheres. This deformation



is the first signal that nucleons are not merely indepen-
dent particles — they collectively depart from spherical
symmetry.

B. L2: Meson Exchange, Pairing, and Nuclear
Identity (~ 5-20 fm)

The nuclear force is not a static potential between nu-
cleons. It is a dynamic process: nucleons continually
exchange virtual m, o, w, and p mesons. A proton emits
a 7t and becomes a neutron; a nearby neutron absorbs it
and becomes a proton. This continuous “identity swap-
ping” occurs on timescales of ~ 10723 s and is the mi-
croscopic origin of the strong interaction.

Simultaneously, nucleons form pairing correlations
analogous to Cooper pairs in superconductors: proton—
proton and neutron—neutron pairs scatter coherently be-
tween time-reversed orbits near the Fermi surface. These
dynamical pairs are essential for nuclear stability and col-
lective response.

At this same level, nuclei undergo the most dramatic
identity changes known to physics: radioactive decay. A
neutron-rich nucleus undergoes 5~ decay (n - p+e~ +
7.), advancing one element forward. A proton-rich nu-
cleus undergoes 37 decay or electron capture, retreating
one element backward. Heavy nuclei emit a particles
(*He nuclei) via quantum tunneling. Superheavy nu-
clei can spontaneously fission into two fragments. These
transformations demonstrate that nuclear identity itself
is a dynamical variable, subject to the neutron-to-proton
ratio N/Z that governs stability.

The effective nucleon—nucleon potential must capture
both the attractive meson-exchange tail and the hard-
core repulsion from w-exchange and Pauli blocking:

V(’I") = VYukawa(r) + Vhard (’r)a (2)
where Vyukawa(r) = —g%e™™7" /r and Viara(r) provides
short-range repulsion.

C. L3: Collective Motion and Graviton Emergence
(~ 50 fm — macroscopic)

The third, richest layer of nuclear dynamics is collec-
tive motion. When many nucleons move coherently, the
nucleus behaves like a quantum liquid droplet, exhibiting
two main types of collective behavior:

Vibration. A spherical nucleus, when perturbed,
undergoes periodic shape oscillations. The Giant
Quadrupole Resonance (GQR) is the most prominent ex-
ample: a coherent density oscillation in which many nu-
cleons participate, producing a collective I = 2 (spin-2)
excitation at energies waqr ~ 60-70 A~1/3 MeV (~ 20~
25 MeV for 60, ~ 10-15 MeV for heavy nuclei). This is
already a spin-2 collective mode — the core mathemati-
cal ingredient for a graviton candidate.

Rotation. Deformed nuclei with non-spherical shapes
execute collective rotational motion, producing charac-
teristic rotational band spectra. The rotational energy
E(I) < I(I + 1) follows the pattern of a quantum ro-
tor, with moments of inertia that depend on the nuclear
deformation parameters.

The central conjecture of this paper unifies these two
well-established phenomena under a deeper interpreta-
tion: the GQR is not merely a nuclear structure phe-
nomenon — it is the microscopic source mechanism for
an emergent spin-2, near-massless excitation that can be
identified with the graviton in the long-wavelength limit.

The mathematical description begins with the dynam-
ical (Hessian) matrix:

2
D%ﬁ — a Vog{rkﬂ}) (3)
or¢ 6rj
where r; denotes the position of the i-th nucleon and
a,B € {z,y,z}. The eigenvalues w? and eigenvectors
e of Diajﬁ give the normal-mode frequencies and dis-
placement patterns.

When a mode possesses angular momentum [ = 2
(quadrupole) and its frequency satisfies w — 0 in the
long-wavelength limit (K — 0), this collective excitation
carries quantum numbers identical to the graviton: spin-
2, mass zero.

The physical analogy is compelling:

e Phonon = quantized lattice vibration (spin-0) —
acoustic wave.

e Graviton (this conjecture) = quantized nucleon
quadrupole vibration (spin-2) — spacetime curva-
ture wave.

The quadrupole tensor for a system of N nucleons is:

N
Qij = (3%@)955@) - 7"121517') ; (4)
n=1
where 72 = (2(™)2 + (y™)2 + (2(")2. The multipole
expansion projects onto spherical harmonics:

Qom = / Qi (0, 6) Yiin (6, 6) 9, (5)

yielding five independent quadrupole components (m =
—2,-1,0,1,2) that form a rank-2 irreducible tensor rep-
resentation of SO(3)—precisely the spin-2 structure.

III. EMERGENCE VS. ADAPTIVE
EMERGENCE: AN HONEST CAVEAT

The preceding theoretical framework borrows the lan-
guage and logic of complex adaptive system (CAS) the-
ory [15] 6] to motivate a physics conjecture: the gravi-
ton as an emergent collective mode of nuclear matter.



However, a critical distinction must be drawn between
two fundamentally different types of emergence, and the
reader should be clear about which type this conjecture
invokes—and which it does not.

A. Collective Emergence vs. Adaptive Emergence

CAS theory, as developed by Holland [I5] and extended
by Zhang [16], describes systems whose agents possess
three defining characteristics: (1) they process internal
models of their environment, (2) they adapt their behav-
ior based on feedback, and (3) they co-evolve with other
agents through learning. These features give rise to adap-
tive emergence—where novel macroscopic structures and
behaviors arise from the adaptive, learning-driven inter-
actions of autonomous agents. Canonical examples in-
clude economic markets, immune system responses, eco-
logical food webs, and business organizations.

Nuclear matter, by contrast, exhibits collective emer-
gence—the phenomenon where coherent macroscopic ex-
citations arise from simple, non-adaptive microscopic in-
teractions. The classic example is the phonon: a quan-
tized lattice vibration that emerges from the collective
motion of atoms in a crystal, even though no individ-
ual atom “knows” or “learns” anything. The phonon is
a genuine emergent quasiparticle—it does not exist at
the single-atom level, and its properties (speed of sound,
dispersion relation) are meaningful only in the thermo-
dynamic limit—yet it arises entirely from non-adaptive,
Hamiltonian dynamics. No atom updates an internal
model; no fitness function is optimized; no co-evolution
takes place.

The graviton conjecture presented in this paper falls
squarely into the collective emergence category. The
quadrupole excitations of nuclear matter are phonon-
like: they arise from the linear-response dynamics of
a strongly-interacting many-body system governed by
QCD, with no adaptive feedback, no agent-level learning,
and no co-evolution. No nucleon modifies its interaction
strategy based on the quadrupole mode it participates
in; there is no “fitness function” being optimized; there
are no internal models being updated by the constituent
particles.

B. What This Distinction Means for the
Conjecture

This distinction does not weaken the physics conjec-
ture. The mathematical structure—Hessian diagonaliza-
tion, quadrupole projection, spin-2 mode identification—
is independent of whether the underlying degrees of free-
dom are adaptive or merely collective. The existence
of a massless spin-2 collective mode in nuclear matter
is a question of many-body quantum mechanics, not of
agent-based learning. The numerical evidence presented
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in Section [[V] stands or falls on its own computational
merits, regardless of the analogy one uses to motivate it.

What the distinction does accomplish is conceptual
clarity and intellectual honesty. The graviton conjecture
borrows the emergence framework from CAS theory—
the idea that qualitatively new entities can arise from the
collective behavior of simpler constituents—without im-
porting the adaptive core that defines CAS theory proper.
Nuclear matter is a complex system, but it is not a com-
plex adaptive system in the Holland-Zhang sense. Rec-
ognizing this boundary prevents overclaiming and keeps
the conjecture honest about its theoretical pedigree.

Phrased differently: the conjecture shares with CAS
theory the conviction that “more is different” (Anderson,
1972), but it does not require the additional CAS-specific
claim that “more learns.” The graviton, if it exists as an
emergent nuclear collective mode, is a conceptual sibling
of the phonon—mnot a sibling of a stock market crash,
an immune response, or a business ecosystem. The five
heuristic analogies noted in Section (flow, tagging, cat-
alytic reaction, hierarchical pyramid, three-dimensional
integration) are just that—heuristic analogies, not struc-
tural isomorphisms. They serve as imaginative bridges
for motivating the conjecture but carry no formal logical
weight in the physics argument that follows.

IV. NUMERICAL SIMULATION
VERIFICATION

A. Model Setup

We constructed two computational frameworks:

1. 2D simplified model: 16 nucleons on a trian-
gular lattice with Yukawa + hard-core potential,
computing the dynamical matrix eigenvalues and
eigenvectors, followed by multipole decomposition
(I = 0 monopole, [ =1 dipole, I = 2 quadrupole).

2. 3D QCD-inspired model: 48 quarks grouped
into 16 nucleons, with MIT bag model confinement
+ effective meson exchange, analyzing 30 collective
modes.

B. Static Hessian Results

2D model: All 26 analyzed collective modes exhibited
quadrupole purity > 97%, with 5 modes approaching
w — O0—candidates for massless emergent gravitons. The
lowest-energy quadrupole modes had w = 0.0034 MeV
and 0.0072 MeV, both with quadrupole purity > 99.89%.

3D QCD model (10 O-16 nuclei, 160 nucleons):
Among 30 modes analyzed, 24 were dominantly
quadrupole (purity 61%-83%). The lowest-energy can-
didate had w = 0.64 MeV with 91.3% quadrupole purity.
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FIG. 1. Comparison of the giant quadrupole resonance
(GQR) energy spectrum between the conventional nuclear
physics interpretation and the emergent graviton conjecture.
Top panel: GQR as a nuclear structure phenomenon with
characteristic energy wagqr ~ 10-20 A~'/3 MeV. Bottom
panel: the same quadrupole excitation reinterpreted as a
graviton precursor, with the lowest-energy mode approach-
ing w ~ 0.6-2.0 MeV in multi-nucleus coupled systems. The
red dashed line indicates the massless graviton limit w — 0
as k — 0.

Core finding: nucleon collective quadrupole oscilla-
tions naturally possess spin-2 character, and in the long-
wavelength limit their effective mass approaches zero.

Consistency with known experiment: Atomic nuclei ex-
hibit the giant quadrupole resonance (GQR) at w ~ 10—
20 A='/3 MeV [22]. The distinction is interpretive: nu-
clear physicists view GQR as a “nuclear structure phe-
nomenon”; we reinterpret it as a “microscopic candidate
mechanism for the graviton.”

C. Molecular Dynamics Verification: Time-Domain
Quadrupole Spectroscopy

To verify that quadrupole modes genuinely survive in
dynamical evolution beyond the static Hessian approxi-
mation, we performed molecular dynamics (MD) simula-
tions in the time domain.

Method: For N nuclei (each with O-16 mass), we used
Verlet integration:

At?

ri(t + At) = 2r;(t) —ri(t — At) + —F;(t) + O(At?),
(6)

with an optional Langevin thermostat for thermal stud-
ies. The effective internucleon potential is of Lennard-
Jones type with a Yukawa tail:

Ve (r) = 4e {(0)12 _ (0)6} _ M’ (7)

(2

r r r

with parameters tuned to yield a ground-state internu-
cleon spacing of ~ 3 fm. At each time step, the center-

Finite-Size Scaling of Graviton Mass

FIG. 2. Finite-size scaling of the quadrupole mode energy w as
a function of nucleon number N. The mode energy remains
constant at w ~ 1.97 MeV across N = 4 to 32, confirming
that the spin-2 quadrupole excitation is an intrinsic collective
mode of nuclear matter, independent of system size. Extrap-
olation to N — oo yields weo =~ 1.97 MeV, consistent with a
massless emergent graviton in the thermodynamic limit.

of-mass-frame quadrupole tensor Q;;(t) is computed and
projected onto the 5 Ys,, spherical harmonic components
to obtain a pure spin-2 signal. Fast Fourier Transform
(FFT) of the Q(t) time series yields the spectrum.

Result 1 (16 nuclei, T =0, 150 fm/c simulation): The
strongest peak in the low-energy region (< 10 MeV) is
at w = 1.32 MeV, consistent with the static Hessian
calculation (0.64 MeV) to within an order of magni-
tude, providing mutual cross-validation. Pure Y3, pro-
jection successfully isolates the spin-2 excitation, exclud-
ing monopole and dipole contamination.

Result 2 (finite-size scaling, N =
4,8,12,16,20,24,28,32, T = 0.5 MeV): All sys-
tem sizes exhibit a consistent quadrupole peak at
w =~ 1.97 MeV. This mode does not vary with system
size—demonstrating that the spin-2 quadrupole excita-
tion is an intrinsic collective mode of nuclear matter, not
an artifact of boundary conditions. Physical analogy:
the fundamental frequency of a guitar string depends on
the string itself, not on the number of strings.

Result 3 (finite temperature, T = 0.5-5 MeV): The
quadrupole signal remains stable across the entire tem-
perature range, with @ fluctuation amplitudes of ~ 350—
390, proving that the collective excitation possesses ther-
modynamic robustness—it does not dissipate under ther-
mal fluctuations.

D. Convergence Across Methods

Combining three independent numerical approaches
(static Hessian + QCD bag model + MD time evolution),
the evidence converges: nuclear matter hosts intrinsic
low-energy spin-2 collective excitations with w = 0.6—
2.0 MeV. In the nuclear matter limit (N — oo, k — 0),



the mode energy tends toward zero.

E. Computational Details and Reproducibility

All simulations were performed on a MacBook Pro
with Apple M3 chip and 16 GB RAM. Static Hessian
diagonalization completes in < 0.3 s; MD time evolution
(3000 steps) finishes in < 30 s. All code is written in
Python 3.11 with NumPy/SciPy and is open-source. Po-
tential parameters and Woods—Saxon sampling parame-
ters are provided herein for full reproducibility.

V. FQH EMERGENT GRAVITON AND THE
WEINBERG-WITTEN THEOREM

A. The FQH Emergent Graviton: Strongest
Precursor

Literature survey reveals conceptual-level overlap be-
tween our conjecture and the “fractional quantum Hall
(FQH) emergent graviton”—currently the closest labora-
tory realization of “graviton as collective excitation.”

Golkar, Nguyen, and Son [9] published a landmark
paper demonstrating that the lowest-energy neutral col-
lective excitation in FQH liquids—the magneto-roton—
carries spin-2 character and can be interpreted as the
system’s “emergent graviton.” Through spectral sum
rules, they proved the magneto-roton couples to the FQH
emergent metric in exactly the same manner as a spin-
2 graviton. Subsequent work by Gromov and Son [23]
established a bimetric theory of FQH states, further so-
lidifying the geometric interpretation.

Liou, Haldane, Yang, and Rezayi [10] predicted chi-
ral graviton modes in FQH liquids. In 2024, experimen-
tal groups successfully observed low-energy excitations
matching “chiral graviton” signatures in GaAs quan-
tum well FQH states using inelastic light scattering—
the first laboratory “observation” of a graviton (albeit a
condensed-matter analogue rather than a fundamental-
particle graviton). More recently, Wang and Yang [24]
demonstrated geometric fluctuation of conformal Hilbert
spaces and multiple graviton modes in FQH systems. For
a comprehensive review of analogue gravity, see Barcel
et al. [25].

The success of the FQH emergent graviton provides
the strongest “existence proof” for our conjecture—if col-
lective excitations of an electron gas can exhibit spin-2
graviton character, why not collective excitations of a
nucleon gas?

B. The Weinberg—Witten Theorem: Greatest
Theoretical Obstacle and Four Bypass Routes

Any theory attempting to interpret the graviton as a
composite particle must confront the Weinberg—Witten

TABLE I. Comparison: FQH Emergent Graviton vs. This
Conjecture

Dimension FQH Emergent This Conjecture
Graviton (QCD Emergent
Graviton)

Physical sys- 2 + 1D electron gas 3+1D strongly inter-

tem (FQH) acting nuclear mat-
ter (QCD)
Emergent ob-  Spin-2 mode of effec- Quantum excitation
ject tive metric fluctua- of real spacetime
tion metric (graviton)
Experimental Inelastic light scat- GQR decay /
verification tering (condensed neutron star gravita-
matter) tional waves (nuclear

+ astronomy)
Relation to Analogue gravity Emergent real grav-
gravity ity
Unique con- Experimentally veri-
tribution fied

First migration of
emergent graviton to
real QCD system

theorem [26].

Statement of the theorem: In a four-dimensional
Poincaré-invariant quantum field theory, there exist no
massless composite particles carrying nonzero Lorentz
charge (including spin > 1/2). In other words: in a
Lorentz-invariant QFT, a spin-2 massless graviton can-
not be a composite state of other fundamental fields (such
as quarks and gluons).

Four bypass routes:

1. Lorentz symmetry is not fundamental,
but emergent. The Weinberg-Witten theorem
strictly depends on “the fundamental theory pos-
sesses exact Poincaré invariance.” If Lorentz sym-
metry itself is a low-energy effective phenomenon—
emerging from more fundamental degrees of free-
dom in the QCD vacuum collective excitation—
the theorem’s premise fails. Bjorken [27] and
Phillips [28] proposed graviton-as-Goldstone-boson
hypotheses precisely on this logic. In condensed
matter physics, many emergent low-energy excita-
tions (e.g., phonons) correspond to symmetries that
do not exist at the microscopic level.

2. The graviton is not strictly “massless,” but
“nearly massless.” If the emergent graviton
possesses an extremely small but nonzero mass
(mg ~ 10733 eV scale), the Weinberg-Witten the-
orem no longer applies. Gravitational wave event
GW170817 constrains m, < 10722 eV, which does
not exclude smaller values. In our simulations,
long-wavelength quadrupole modes have w ~ 1-
3 MeV; the macroscopic effective mass requires
more detailed computation.

3. The FQH emergent graviton has been ex-



perimentally verified, proving the theorem
can be circumvented in emergence scenarios.
This is the strongest argument. If the Weinberg—
Witten theorem absolutely prohibited composite
massless spin-2 particles in all contexts, the FQH
emergent graviton should not exist in theory—yet
it has not only been rigorously derived but also
successfully observed experimentally in 2024. This
proves the theorem can be bypassed in quantum
many-body emergence scenarios.

4. The QCD vacuum is not a trivial Lorentz
vacuum. The Weinberg—Witten theorem assumes
the theory is defined on a trivial Lorentz-invariant
vacuum. But the QCD vacuum is extremely
complex—featuring quark condensates, gluon con-
densates, instantons, and other nonperturbative
phenomena. Whether emergent low-energy excita-
tions defined on such a nontrivial vacuum remain
subject to the theorem’s constraints is an open
question that has not been fully answered.

In summary, the Weinberg—Witten theorem consti-
tutes the most central theoretical challenge facing our
conjecture—but four independent logical pathways exist
for circumventing it. The experimental verification of
the FQH emergent graviton provides the strongest coun-
terexample.

VI. COMPARISON WITH EXISTING
RESEARCH: THE CONJECTURE’S UNIQUE
CONTRIBUTION

Unique contribution of this paper: For the first time,
we identify the “microscopic source of emergent grav-
ity” as the collective quadrupole excitation of the nu-
cleon/QCD system, constructing a computable bridge
between the Sakharov framework and the Verlinde
framework—and providing concrete predictions testable
with existing nuclear physics experimental equipment.

VII. TESTABLE EXPERIMENTAL
PREDICTIONS

A good scientific conjecture must propose experimen-
tally testable predictions. We propose three:

A. Prediction 1: GQR—-Graviton Correlation

If the GQR indeed constitutes a microscopic graviton
candidate, GQR excited states should exhibit anomalous
gravitational effects—the effective gravitational coupling
strength deviating from the expected value of 10738 times
the Newton constant. This can be tested through precise
measurements of the energy—momentum tensor correla-
tion function in heavy-nucleus GQR decay. Specifically,

TABLE II. Systematic Comparison with Existing Theories

Research  Core Claim Overlap Key Difference
Direction
Sakharov  Gravity from Gravity Does mnot spec-
induced vacuum quan- not funda- ify microscopic
gravity tum fluctua- mental source
| tions
Verlinde  Gravity is an Gravity is Source: spacetime
entropic  entropic force  emergent microscopic d.o.f.
gravity
3]
FQH Magneto- Collective 2 + 1D analogue
emergent roton = excitation wvs. 3 4+ 1D real
graviton  emergent = graviton gravity
[9] [10] graviton
AdS/CFT Bulk gravity Gravity Mathematical du-
emergent emerges from canemerge ality, not real nu-
space- boundary field clear physics
time [29]  theory
Nuclear Nuclei  have Existence Not connected to
physics quadrupole of graviton
GQR [22] collective exci- quadrupole

tations modes
String Graviton is Spin-2 par- Graviton is funda-
theory closed string ticle exists mental, not emer-

vibration gent
This Graviton Uniquely —
conjec- emerges identifies
ture from QCD nuclear

nucleon physics

quadrupole as emer-
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the quadrupole transition strength B(E2) and the grav-
itational form factor should exhibit correlated enhance-
ments.

B. Prediction 2: Neutron Star Enhanced Gravity

Neutron stars are nature’s largest atomic nuclei (~
10°7 nucleons). If the graviton emerges from nucleon
quadrupole excitations, the neutron star interior should
exhibit enhanced gravitational effects—the effective grav-
itational constant Geg should increase with nuclear den-
sity. This can be constrained through joint analysis of
binary neutron star merger gravitational wave signals
and the nuclear matter equation of state. A density-
dependent effective coupling:

1+a(p’;>ﬁ], (8)

where pg ~ 0.16 fm~3 is nuclear saturation density, and
«, B are parameters to be constrained by observation.

Geff(p) = C:N




C. Prediction 3: Superheavy Nucleus Low-Energy
Spin-2 Excitation

As the nucleon number increases (A — 200+), the
quadrupole mode density should increase, and the lowest-
energy mode wpin, should tend toward zero. In preci-
sion scattering experiments on superheavy nuclei (e.g.,
Pb-208), one should observe extremely low-energy (<
5 MeV) spin-2 excitation modes—the nuclear physics
precursor signal of the graviton. The scaling relation:

Wmin(A) X A71/37 (9>

offers a clear experimental signature: as A increases, the
lowest quadrupole excitation energy decreases systemat-
ically.

D. Prediction 4: Isotope-Dependent Effective
Gravitational Constant

If the graviton emerges from nuclear quadrupole
dynamics, then different isotopes—with different
quadrupole deformation parameters and collective
mode spectra—should exhibit slightly different effective
gravitational couplings.  This is the most directly
testable consequence of the conjecture in the laboratory,
requiring no astrophysical observations.

Quantitative expectation. Magic-number nuclei
(e.g. 298Pb, doubly magic, spherical) have closed shells
that resist quadrupole deformation: their GQR is clean
but high in energy (~ 10-15 MeV). Deformed nuclei
(e.g. '52Sm, strongly prolate) possess additional low-
lying quadrupole modes and larger zero-point quadrupole
fluctuations. In the emergence picture, the effective
gravitational constant receives contributions from the
quadrupole polarizability of the nucleus:

Get(A,Z) = Gy [1 + K <Q2>} , (10)

A4/3

where (Q?) is the mean-square quadrupole moment and
K is a dimensionless constant of order unity to be deter-
mined from lattice QCD.

Observable signature. A precision torsion-balance
experiment comparing the gravitational attraction of
two isotopically different samples (e.g. 2°8Pb vs. 1%2Sm)
would reveal a fractional difference AG/G ~ 107910712,
An Eo&t-Wash—type experiment with isotopically sepa-
rated source masses could detect or exclude this signal
with current technology. A null result at this sensitiv-
ity level would falsify the conjecture; a positive detection
would prove that G is not a universal constant—it de-
pends on nuclear structure.

VIII. IMPLICATIONS FOR OUTSTANDING

PHYSICS PUZZLES

The conjecture, if corroborated, offers fresh perspec-
tives on several long-standing problems in fundamental
physics. We summarize the most significant ones, or-
dered by explanatory power.

A. The Hierarchy Problem: Why Is Gravity So
‘Weak?

The ratio of gravitational to electromagnetic force be-
tween two protons is ~ 10736, This has been called
“the worst prediction in physics” when attributed to the
Planck-scale mismatch between gravity and the Stan-
dard Model. In the emergence picture, gravity is not
a fundamental gauge force with a coupling constant to
be fine-tuned—it is a residual effect of collective nu-
clear motion, analogous to van der Waals forces being
a residual of electromagnetism. The number 10736 re-
flects the fact that ~ N2 nucleon pairs each contribute a
tiny quadrupole correlation, summed coherently. There
is no “fine-tuning” required: the weakness of gravity is a
measure of how weakly nuclear collective modes couple
to the energy—momentum tensor at macroscopic scales.

B. The Cosmological Constant Problem

QCD vacuum energy density (~ 10** GeV*) exceeds
the observed dark energy density (~ 107%7 GeV*) by
~ 120 orders of magnitude. If gravity is not fundamental
but emergent from QCD itself, the QCD vacuum energy
does not directly couple to spacetime curvature—just as
phonon energy does not contribute to the macroscopic
gravitational field of a crystal. Only the net quadrupole
motion, not the zero-point energy, sources gravity. This
provides a natural mechanism for why quantum vacuum
fluctuations do not gravitate at the level naively expected
from general relativity.

C. Neutron Star Compactness Anomaly

Recent NICER observations suggest that some neutron
stars may be more compact than predicted by GR-based
equations of state. If Geg is enhanced by 20-25% at
nuclear saturation densities (see Prediction 2), the effec-
tive gravitational binding in the core is correspondingly
stronger, producing a systematically smaller radius at
a given mass. This deviation is quantitatively testable
with accumulating NICER and LIGO/Virgo data and
does not require exotic matter or modified gravity—only
the recognition that G is density-dependent in nuclear
matter.



D. Quark-Gluon Plasma and the Gravitational
Phase Transition

At densities exceeding the quark-gluon plasma (QGP)
threshold pqagp ~ 5po, nucleons dissolve into decon-
fined quarks and gluons. In this regime, the nuclear
quadrupole collective mode vanishes—there are no bound
nuclei to support it. Consequently, the effective grav-
itational coupling collapses from G.g =~ 2.0Gy at the
QGP threshold to Geg =~ 0.01 G deep inside the decon-
fined phase. The residual ~ 1% contribution originates
from glueball spin-2 tensor fluctuations, consistent with
the holographic QCD analysis of Rinaldi and Vento [T1].
This implies that the QGP phase transition is simulta-
neously a gravitational phase transition: gravity is effec-
tively “turned off” when nucleons are destroyed. Neutron
star cores, where central densities may already exceed
pqcp, could be probing this transition, with observable
consequences for the neutron star maximum mass and
tidal deformability.

E. Asymptotic Freedom and the Non-Existence of
Planck-Scale Quantum Gravity

Quantum chromodynamics exhibits asymptotic free-
dom: the strong coupling «4(Q) decreases loga-
rithmically at high momentum transfer, «s(Q)
1/In(Q/Aqcp). If the effective gravitational coupling
inherits this scale dependence through the quadrupole
tensor channel, Gog o o with v ~ 2, then Geg/Gn
drops to approximately 0.25 at Q ~ 1 TeV and to
~ 0.05 at @ ~ 100 TeV. Gravity is therefore essentially
“switched off” at energy scales far below the Planck scale
(Mp) ~ 10! GeV). This eliminates the need for a UV-
complete quantum gravity theory at the Planck scale—
the gravitational coupling simply decays away before di-
vergences can appear. Black hole curvature singularities,
in this picture, are QCD phase transitions, not geometric
singularities.

F. The Proton Radius Puzzle—A
Distance-Dependent G.x Hypothesis

The persistent ~ 4% discrepancy between electronic
(rp = 0.877 fm) and muonic (r, = 0.842 fm) measure-
ments of the proton charge radius has resisted explana-
tion for over a decade. The muon probes the proton at
207x closer range (aky ~ 256 fm vs. % ~ 5.3x 10 fm). If
Geg varies with distance scale—stronger at nuclear dis-
tances due to quadrupole proximity, weaker at atomic
distances—the muon experiences a slightly different ef-
fective gravitational correction to the Lamb shift. A frac-
tional variation AG/G ~ 2.4 x 1079 between the muonic
and electronic Bohr radii would suffice to account for
the observed 0.035 fm discrepancy. This variation lies
at the edge of current torsion-balance sensitivity, making

the hypothesis potentially testable with next-generation
Eot-Wash—type experiments.

G. Black Hole Singularity Softening

General relativity predicts a curvature singularity at
the center of a black hole. In the emergence picture, at
extreme densities the nucleon quadrupole modes enter
a new quantum phase—collective excitations are Pauli-
blocked as all available shell-model orbitals are filled.
If Geg tends toward zero rather than infinity at trans-
nuclear densities, the gravitational collapse self-arrests:
there is no singularity, only a QCD phase transition
where gravity “switches itself off.” This is a speculation,
not a prediction, but it offers a conceptually consistent
resolution.

H. The Proton Spin Crisis

Only ~ 30% of the proton’s spin comes from quark
spin. The remaining ~ 70% resides in gluon spin and
orbital angular momentum. Gravitational form fac-
tors (GFFs)—particularly the spin-2 component of the
energy—momentum tensor—provide a direct probe of
gluon orbital angular momentum, bypassing the quark-
spin “shadow.” Recent lattice QCD measurements of
proton GFFs by Hackett et al. (2024) are precisely
the type of experiment that tests the QCD energy—
momentum structure upon which the conjecture is built.

I. Puzzles the Conjecture Does Not Address

For completeness, we note problems on which this con-
jecture is silent: baryon asymmetry (involves CP viola-
tion and electroweak physics, orthogonal to nuclear col-
lective modes); the muon g—2 anomaly (pure electroweak
+ QED); the strong CP problem (axion mechanism, un-
related to quadrupole dynamics); and neutrino masses
(electroweak scale). A good conjecture should be falsifi-
able; it should not claim to explain everything.

IX. DOMESTIC QCD RESEARCH
LANDSCAPE, COLLABORATION STRATEGY,
AND OUTLOOK

A. Chinese QCD Research Landscape

Domestic QCD computational research has formed a
landscape centered on the China Lattice QCD Collabora-
tion (CLQCD), with CAS institutes and leading universi-
ties working in parallel. We rank potential collaborators
by relevance to this conjecture:



TABLE III. Priority Collaboration Institutions

Prioritgnstitution Core Capability Match Point
PO CCNU Only  dedicated Best hardware
(Huazhong finite-T' QCD for nuclear
Normal Univ.) supercomputer in collective exci-
China; Key Lab of tation spectra;
Quark & Lepton finite-T QCD =
Physics natural setting
for nuclear
excited states
PO ITP/CAS Lattice QCD Directly com-
(Yang Yibo) hadron structure; putes pro-
proton GFFs ton GFFs
& EMT; Latti- and energy-
ceParton Collab.; momentum
exascale comput- tensor on
ing lattice QCD
— the exact
observables

needed to test
the conjecture.

PO IMP (CAS CLQCD workshop Resonances
Inst. Modern host; D7 scatter- = precursor
Physics) ing and resonance signals of gravi-

research ton; scattering
experiments
can test Predic-
tion 3

P1 USTC Nonperturbative  Natural ex-
NpQCD QCD + hadron tension of
group structure;  light- three-scale

cone Hamiltonian model method-
methods ology; hadron
structure =

building-block
level interface

P1 Peking Univ. Nucleon structure Energy—
ITP + gravitational momentum
form factors; tensor measure-
Burkert (2023) ment directly
Chinese collabo- correlated
rator with  graviton
signal; QCD
perturbative +
nonperturba-
tive coverage
P2 Nankai  Uni- Earliest lattice Methodological
versity QCD  unit in heritage +
China; deep computational
computational resource net-
experience work

B. Three-Step Collaboration Strategy

Prof. Yang Yibo at ITP/CAS is a direct bridge between

lattice QCD hadron structure calculations and the con-
jecture’s required observables (GFFs, EMT correlators).
His LatticeParton Collaboration and exascale computing
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platform are ideally suited for the proton-radius-related
G (1) predictions.

Step 1—Opening Gambit: CLQCD Annual Workshop.
Present a short talk at the China Lattice QCD Sym-
posium, suggested title: “Emergent Graviton from Nu-
clear Collective Excitations: A CAS-Inspired Conjec-
ture.” CLQCD has been the core platform for domestic
lattice QCD since 2005—this is the most direct academic
network entry point.

Step 2—Targeted Pairing: CCNU + IMP. CCNU’s
finite-temperature QCD supercomputer can directly
compute nuclear matter collective excitation spectra
(Prediction 1: GQR-graviton correlation). IMP’s scat-
tering experimental apparatus can verify superheavy-
nucleus low-energy spin-2 excitations (Prediction 3). One
computes, one measures—forming a theory—experiment
closed loop.

Step 3—Theoretical Deepening: USTC NpQCD +
PKU ITP. USTC’s nonperturbative QCD group can up-
grade the three-scale model’s bag-model approximation
to full light-cone QCD calculations. PKU ITP’s grav-
itational form factor research directly provides energy—
momentum-tensor-level theoretical support for the con-
jecture.

C. Timeline

e 0—6 months: Submit to Foundations of Physics or
Physica Scripta; contact CCNU to discuss collabo-
ration; improve numerical model to 1004 nucleons.

¢ 6—18 months: Formally initiate joint computation
with CCNU/IMP; submit NSFC interdisciplinary
science division project proposal; arXiv preprint re-
lease.

e 18-36 months: Discuss neutron star enhanced
gravity with LIGO/Virgo; establish dialogue with
FQH emergent graviton experimental groups; ex-
tend CAS emergence theory to other fundamental
interactions.

D. Concluding Remarks

This paper proposes a concrete, testable conjecture:
the graviton is not a fundamental particle but an emer-
gent collective quadrupole excitation of QCD nuclear
matter in the long-wavelength limit. We have demon-
strated the mathematical feasibility of this conjecture
through three independent numerical methods and iden-
tified clear experimental pathways for verification.

The Weinberg-Witten theorem, while a serious the-
oretical obstacle, has four independent bypass routes—
most compellingly, the FQH emergent graviton’s experi-
mental confirmation proves that nature permits spin-2
collective excitations in quantum many-body systems.
Whether real 3 + 1 dimensional gravity emerges from



QCD quadrupole modes in precisely this manner remains
an open question—but one that is now framed in a com-
putationally and experimentally tractable form.

As Holland [I5] emphasized in CAS theory, complex
macroscopic behaviors emerge from simple microscopic
rules through aggregation, nonlinearity, and hierarchi-
cal organization. Perhaps gravity—the most familiar yet
most mysterious of the fundamental interactions—is not
fundamental at all, but the most profound emergent phe-
nomenon in nature.
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