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Modular Closure of Yang—Mills
Dynamics: A Falsifiable UV-IR
Framework for the Mass Gap, Glueball
Correlators, Lattice Benchmarks, and
Experimental Continuation
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We formulate a compact and falsifiable ultraviolet-to-infrared effective closure for four-dimensional
pure Yang—Mills theory. The construction uses a gauge-invariant collective modular coordinate
reconstructed from gradient-flowed scalar and topological densities and a sector-relative Modular-
Weierstrass scale. The core constitutive hypothesis is that the leading nonanalytic contribution to the
collective Yang—Mills energy density inherits the squared sector-relative Hermitian-bilinear scale,

®° witha positive matching coefficient. Near the lemniscatic point, the Weierstrass invariants then
imply R x p~%. Combined with the leading regular analytic restoring term, this produces a unique
finite radial minimum and a positive scalar curvature; a CP-even periodic angular term gives a
separate positive pseudoscalar curvature. The distinctive inverse-square relation is formulated as a
configuration-level lattice test rather than inferred from glueball masses. Published continuum pure
SU (3) spectra provide a quantitative mass-ratio benchmark, while multi- V spectra test regular large-
N behavior. The BESIII X(2370) result is used only as a full-QCD continuation benchmark after
explicit gluonic—quark mixing. A genuine out-of-sample pseudoscalar prediction requires all modular
and mixing inputs to be fixed independently of the target resonance mass. The framework therefore
yields a positive infrared quadratic spectral scale within the stated effective closure and a concrete
program of falsification; it is not presented as a constructive proof of the Clay Yang—Mills existence-

and-mass-gap problem.
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1. Introduction

Pure Yang—Mills theory contains no explicit mass parameter at the classical level, yet its physical gauge-
invariant spectrum is expected to possess a strictly positive lowest excitation. High-energy observables
are controlled by asymptotic freedom, whereas low-energy calculations reveal finite correlation lengths,

confinement, and a tower of glueball states. Wilson’s lattice formulation provides the canonical

nonperturbative regulator in which these infrared properties can be computed o

The purpose of the present work is not to replace perturbative Yang—Mills theory, lattice gauge theory, or
constructive field theory. It is to test whether one gauge-invariant collective coordinate can provide a
minimal effective closure linking ultraviolet decoupling, an infrared positive-curvature minimum,

glueball correlators, and configuration-level lattice observables.

Two companion studies motivate the scale variable used here. The first introduced a normalized
Modular-Weierstrass scale coordinate ¢ (7) and its positive modulus x = || on a near-square
branch [2l. The second showed that a scalar lift of the Lorentz spinor map, B = AA with |A| = &, leaves
projective ratios unchanged while multiplying Hermitian bilinears, including four-momentum densities,
by x2 Bl The present manuscript is nevertheless self-contained at the level required for its Yang—Mills
derivation: the scale-transfer relations used below are restated explicitly, and no cosmological
normalization, Planck-time impulse, or physical-spacetime expansion equation from the companion

studies is imported into the Yang—Mills closure.

Flat-space scope. The construction is formulated on a flat-spacetime gauge-theory background. Lorentz-
Mobius kinematics refers only to the underlying Minkowski representation used to motivate the bilinear
scale transfer; the Euclidean formulation used below is the standard continuation for nonperturbative
correlation functions and lattice tests. No spacetime-curvature degree of freedom is introduced. The
modular coordinate 7[A] is an internal, gauge-invariant collective coordinate of the Yang—Mills sector,

not a coordinate or curvature variable of physical spacetime.

The collective description uses an effective complex modular coordinate reconstructed from gauge-
invariant collective observables. Near the square, or lemniscatic, point 7 = ¢, the weight-six elliptic
invariant has a simple zero and the sector-relative scale modulus varies inversely with the local modular
distance p. The squared scale therefore behaves as R~ p~%. The single core constitutive hypothesis of
this paper is that the leading nonanalytic contribution to the coarse-grained Yang—Mills energy density

is proportional, with a positive matching coefficient, to this sector-relative bilinear scale. The leading
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regular analytic response then supplies an opposing p? term. Their competition produces a finite stable

minimum without inserting a Proca mass term and without breaking gauge invariance.

The logical status is deliberately separated into three levels. First, the near-lemniscatic inverse-square
scale law follows from the stated Weierstrass expansion and sector-relative normalization. Second, the
transfer of 5~ into a collective Yang—Mills energy-density term is the one constitutive hypothesis of the
closure and is directly testable on gauge configurations. Third, minimization, quadratic expansion,
correlator asymptotics, parameter-eliminating identities, and the proposed lattice tests follow from the
resulting effective action. Published glueball spectra are used only as spectrum-level benchmarks unless

the modular parameters are determined independently.

The framework is designed around four requirements:

1. Gauge consistency. The elementary action remains pure Yang—Mills; the modular variables are
gauge-invariant composite coordinates in an effective action.

2. Ultraviolet compatibility. Modular corrections are power suppressed at high momentum, so the
universal perturbative beta-function coefficients remain unchanged.

3. Infrared predictivity. Positive curvature gives explicit scalar and pseudoscalar mass scales and
long-distance exponential correlators inside the closure.

4. Cross-regime falsifiability. A single predeclared parameter set must confront configuration-level
conditional-energy scaling, masses and residues, topological response, finite-volume behavior,

large- N regularity, and full-QCD mixing benchmarks.

Companion | Companion Il Present Yang-Mills map Effective closure + tests
Modular-Weierstrass closure || Mébius-scale spinor lift 1 6=X+iY=pel® 14 UINsy = ap? + blp? + -
=go/(n B=MA, |A| =k P -
p _f | grz_(l(gflr 6) o ni N K% ~(polp)? positive curvature; glueball gaps
=W, T= olVa =K configuration-level observable lattice + full-QCD continuation

The third construction uses only the mathematical scale-transfer ingredients of the companion studies; it does not import their cosmological normalization.

Figure 1. Logical derivation path of the proposed Yang—Mills composite closure. The companion works
motivate the scale-transfer structure; the present work introduces the gauge-sector composite map, the

single constitutive transfer hypothesis, and the falsifiable lattice and phenomenological consequences.
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The main result is therefore intentionally narrow: once the single constitutive transfer is adopted, the
minimal radial closure has a finite nonzero minimum and positive curvature, while the same
reconstructed coordinate is required to satisfy a direct 1/p? configuration-level test. Failure of that
relation, or of the parameter-eliminating identities derived below, falsifies the minimal closure without

falsifying Yang—Mills theory itself.

2. Yang—Mills scale and the observable meaning of a gap

Let G = SU(N), with Hermitian generators normalized by ¢r (T°T®) = 16, gauge connection

A, = AT and curvature
F. =0,A, —0,A, —i[A,,A) = F3T" (1)
The Euclidean classical action is

Syuld] = — [ FaFg d'a. (2)
4g; Jr

For pure SU(N), the perturbative beta function begins

k% = —bog® —b1g° + O (g"),
1IN by — 34N2 (3)
3(4m)?’ L™ Samt

0 =

The one-loop and two-loop coefficients are the standard asymptotically free Yang—Mills coefficients [41(5]

[6] Dimensional transmutation defines the renormalization-group invariant scale formally by

g(k) /
AYM = kexp l—/ 5(8) ] ) (4)

where the lower-limit convention and the corresponding multiplicative constant are fixed by the chosen
renormalization scheme. The present framework does not replace dimensional transmutation; Ay, is

the only dimensionful scale multiplying the minimal pure-gauge closure.

For a gauge-invariant operator ¢; with quantum numbers J¥¢, define the connected zero-spatial-

momentum Euclidean correlator

Cy(t) = /d3:c (05 (x,t) 05 (0,0)).. (5)

Where reflection positivity and spectral reconstruction hold, the correlator has a positive spectral

representation of the form
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Co(t) = S| Znfe 5 [ dpe. (6)
n St

h
A mass gap in the physical sector means that there exists A > 0 such that the spectrum above the

vacuum contains no energies in (0, A). In pure SU(3) Yang—Mills theory [Z, lattice calculations identify
the lightest observed glueball with the scalar channel. An effective action can establish a positive gap
only in its own domain by showing positive quadratic curvature and exponentially decaying gauge-

invariant correlators. It becomes a solution of the full Clay problem only after the continuum measure,
Hilbert-space reconstruction, positivity, and a uniform all-channel lower bound have been established (&l

[I001 This distinction is maintained throughout.
3. From Lorentz-Mobius kinematics to a gauge-sector scale variable

3.1. Projective invariance and the bilinear scale

Represent a Minkowski four-vector by a Hermitian matrix P = p,o*. An SL (2, C) matrix A acts as
P APA'. (7)

On a spinor ratio or celestial coordinate, the same linear action induces a Mobius transformation B1012),

Introduce a common complex scalar factor

B=2)A, =k (8)
The projective ratio is unchanged, whereas the Hermitian bilinear transforms as

P+ BPB' = k*APA'. (9)

The global phase € cancels from the Hermitian bilinear. The relevant scale transfer is therefore the

positive factor k2.

Under the fixed-domain and approximately homogeneous collective projection adopted here, Eq. (9)
directly implies a sector-relative scaling of the projected collective density by 7. Therefore, for a fixed

spatial domain €,
P = [ dap@) =RV, (10)

Here the fixed Lorentz part has been absorbed into the reference density pj, and % denotes a sector-

relative scalar amplitude. The relation used here follows within the present construction from Eq. (9)
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under the stated fixed-domain homogeneous projection; Ref. BI provides only the broader kinematic

motivation. In the present Yang—Mills application we define

ar) = =0 11
(7) T (11)

Thus no absolute cosmological or Planck-scale numerical value of x enters the Yang-—Mills
phenomenology. Throughout this paper, ¢~ denotes the complex internal scale coordinate, k = |¢| its

positive modulus, and & the sector-relative modulus.

Equation (10) cannot turn a null one-particle momentum into a timelike one: if P2 =0, then
(m2P)2 = 0. The scale transfer is therefore applied only to collective gauge-invariant energy and
momentum densities. The mass scales derived below belong to composite color-singlet excitations, not

to a hard mass assigned to the gauge potential.

3.2. Weierstrass scale near the square lattice

Associate the collective state with the Weierstrass elliptic curve [131124)
E.: y? =42 — go(7)x — g3(7), Imt > 0. (12)

In the fixed normalized-lattice convention,

1
10
(m+nT) (13)

93(7) = 1403 1 ) 2(0,0) (m+1m)6 '

92(7) =603 1) 200

Define the complex Modular-Weierstrass scale coordinate and its positive modulus by

L@ a0
S R T

(14)

This ratio is a scale coordinate in the fixed normalized-lattice convention; it is not claimed to be invariant
under arbitrary rescaling of an elliptic-curve representative. At the lemniscatic point 7 =4,

93(¢) = 0 while g5 () # 0. Write
T=1(1+94), 8= pe”, 0<pxl (15)
The weight-six modular form has a simple zero at 7 = i in this local coordinate. Therefore

g3 (i(1 +8)) = igy (i) 6+ O (8?),

© 16
R(r) = 114 0(p)]. 1o

where K; = |g2(i)| / [r|g4(4)|] . Relative to a reference displacement p,; > 0,
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R0 = (2L) 1400 + 0oy (17)

The distinction between p,.¢ and the dynamically selected minimum p, is maintained throughout. The
former is a fixed, predeclared normalization reference; the latter is selected dynamically by the effective

potential.

Lemma 1 (inverse-square scale transfer). Under the fixed-volume, approximately homogeneous
projection of Eq. (10), the projected collective-density ratio is 22. Combining Egs. (10), (11), and (17)

therefore gives a sector-relative nonanalytic scale proportional to p~?2 to leading order.

Proof. Equation (10) gives Pq,/Vq % for a fixed projection and reference state. Equation (17) gives
Ez(p) = (pres/ p)2 [1+ O(p) + O (pres)]- Their composition establishes the inverse-square dependence.
The separate step that promotes this scale to a Yang—Mills energy-density contribution is the single

constitutive hypothesis stated in Section 5 and tested by Eq. (40). O

4. Gauge-invariant reconstruction of the modular coordinate

A central requirement is that 7 not be introduced as an arbitrary elementary field. We define it
operationally from finite gauge-invariant composite observables. Let B,(t,z) be the Yang—Mills

gradient-flow field at flow time ¢ > 0, with curvature G,,, (¢, z) 12.. With G w = %e wpo G oo, define

si(z) = 317 [Gu(t, 2) G (t, )],
a (18)

0(2) = 77 [Gult,2)Gru(t,7)| = 225 Gl Gl

For ¢ > 0, local gauge-invariant flowed observables are ultraviolet finite after the usual parameter
renormalization. Introduce dimensionless, reference-subtracted collective coordinates averaged over a

four-dimensional resolution cell Q;, of characteristic scale k7%,
(19)

where t; = /K%, Vip = f . d*z, cg and cp are fixed dimensionless normalization constants, and
sret (tr) is specified before fitting. These normalization choices are fixed independently of target masses
and held fixed across ensembles used for prediction.

0kl A] = Xi[A] + iYi[A] = p[A]e "4,

T[A] = 7 [1 + &[4]]. (20)
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Under CP, Xy — X and Yy — —Yj, so 0y — Sk, pr — pr, and ¥ — —v%. The radial coordinate is CP
even and the angular coordinate is CP odd. The fixed reference subtraction prevents the radial
displacement from being forced to vanish by definition and matches the near-square convention of

Section 3.2.

The effective fields p and ¥ are collective Legendre variables obtained by coupling sources to the
composite operators in Eq. (19). The elementary path integral remains over A, . Introducing p and ¥ is
therefore a change of collective description rather than an enlargement of the fundamental particle

content.

Composite-map consistency conditions. A valid implementation must demonstrate: (i) Im7[A] > 0 in
the declared fit region; (ii) gauge-equivalent configurations yield the same reconstructed coordinate; (iii)
results are stable under predeclared flow-time and cell choices; and (iv) normalized correlation functions
of X and Y; have controlled continuum and infinite-volume limits. These are operational validity
conditions of the reconstruction, not additional dynamical hypotheses. In addition, modular-equivalent
representatives must be reduced to the same predeclared near-lemniscatic coordinate patch before the

local distance is evaluated.

5. RG-compatible modular effective action

At coarse-graining scale k, consider the leading-derivative effective average action

I'y=/[ d*z %,
S = ng“F? + %(8;))2 + @(&9)2 (21)
+W(k)Unnod(p, I) + ALt
Here F? = FZ Fj, and all running coefficients are evaluated at k. The term A.%,; denotes residual
gauge-composite and higher-derivative interactions not displayed explicitly. In the infrared domain

considered below, the collective kinetic normalizations are assumed to be nondegenerate and positive,

f3>0and f2 > 0.
Use the minimal smooth decoupling profile

1

W(k) = T+ /A

so that W(k) — 1in the infrared and W(k) = O {(AYM / k)4] in the ultraviolet.
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Radial modular potential: Up/Asy, = ap? + b/p?
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Figure 2. Illustrative radial potential in normalized units. The minimum is rescaled to unity only for visual

clarity; the physical near-lemniscatic branch requires 0 < py < 1. The curve is not a fit to lattice data.

Equation (17) is an asymptotic near-lemniscatic relation. The minimal closure below retains only its
leading p~2 contribution; the indicated O(p) and reference-dependent corrections are treated as higher-
order terms and must remain subleading throughout the predeclared fitting window. The leading local

potential retained in the minimal closure is

Unoi(py9) = My (ap? + L 4L~ cos (No9)])
a >0, b>0, h > 0.

(23)

The terms play different roles. The ap® term is the leading regular analytic restoring response in the
chosen local radial coordinate. The periodic term is the lowest CP-even angular contribution and supplies
a local coupling to the topological direction. The b/p? term contains the only genuinely new Yang—Mills

constitutive input of the model.

At the lemniscatic fixed point, the local modular stabilizer reverses the leading displacement,
0— —0+0 (62). Hence, within the radial truncation adopted here, the leading invariant regular radial

. . 2
response is quadratic, U,., o< |§]” = p?.
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Core modular-closure hypothesis. In the gauge-invariant collective sector reconstructed in Section 4,
the leading nonanalytic contribution to the coarse-grained Yang—Mills energy density is proportional,
with a positive matching coefficient, to the sector-relative Hermitian-bilinear scale %, With Eq. (17), this
contribution is therefore proportional to p~2 on the near-lemniscatic branch. The resulting coefficient
b absorbs the reference normalization, projection factor, and coarse-grained matching coefficient. This
hypothesis is not a consequence of Yang—Mills theory alone; Eq. (40) is designed as its direct

configuration-level falsification test.

The integer Ny is a periodicity index of the collective angular coordinate and is not identified with the
gauge-group rank N. For the minimal single-branch model one may set Ny = 1 unless an independently

reconstructed global structure requires another integer.

To preserve standard ultraviolet physics, require

Avrr V4
Ze(k,p) =140 [(%) ] :

foo(k) = O(Ayn), (24)
% -0 [(’%)1 k> Ay
Provided p and ¥ remain composite Legendre variables rather than additional ultraviolet particle degrees
of freedom, and all gauge-composite interactions obey the declared power suppression, the universal
coefficients by and b; remain those of pure Yang—Mills theory. Equation (22) is therefore a decoupling
condition of the effective closure, not an independent proof of ultraviolet equivalence. The use of a

fourth-power leading suppression is consistent with organizing the first gauge-invariant power

correction at canonical dimension four.

6. Modular stabilization and the effective mass gap

Proposition 1 (stable radial minimum). For a,b > 0, the radial potential

Up(p) = Ay (ap” +bp77) (25)

has a unique global minimumon p > 0 at

with

U, (po) = 24/ab A}y, UJ (po) = 8aA%,, > 0. (27)

geios.com doi.org/10.32388/8H7J9Y 10


https://www.qeios.com/
https://doi.org/10.32388/8H7J9Y

Proof. Differentiation gives Uj(p) = 2A%,, (ap — bp~*), which vanishes at exactly one positive value, Eq.
(26). Moreover, U, — +oco as p | 0 and as p — co. The stationary point is therefore the unique global

minimum. Substitution gives Eq. (27).

The local near-lemniscatic expansion is self-consistent only if 0 < py < 1, equivalently b/a < 1 in the
adopted normalization. Parameter sets whose minimum lies outside this domain are not admissible
within the minimal near-square closure. The fixed reference in Eq. (17) remains a predeclared

normalization choice and is not identified post hoc with the dynamically selected minimum.

Proposition 2 (scalar and pseudoscalar quadratic gaps within the closure). Write the canonically normalized
fluctuations as p = po + ¢,/ f, and ¥ = Omin + 1/ (fepo), With Imin = 271/ Ny, 1 €Z. On the principal
branch take ¥, = 0. Denote the CP-even radial and CP-odd angular quadratic masses by mg and mp,

respectively. Then

4
2 8aAyy,
S fZ ’
P
N2hA} (28)
2 9 MAym
mp = s
f9Pg

The radial result can be summarized without adding a new assumption:

Hoxp?= U, =A%y, (ap? +bp2)
= po = (b/a)V/*
= m} = 8aA}, /f} > 0.
The first implication uses the core constitutive hypothesis of Section 5; the remaining steps follow by

minimization and quadratic expansion. The radial mode is CP even and naturally overlaps with trF?,

while the angular mode is CP odd and overlaps with trFF.
At quadratic order, the corresponding long-distance Euclidean correlators behave as

Cs(t) ~ Zge ™", Cp(t) ~ Zpe ™, t — oo, (29)
up to standard spatial-integration prefactors and higher thresholds. The effective closure therefore has a
positive scalar spectral scale

V8a
Apod = ms = — Ay,

Bz (30)
fo=1F Avm.

provided the scalar mode is the lightest gauge-invariant excitation in the theory under consideration.

This ordering is a spectrum-level prediction to be tested, not a theorem for every compact simple gauge

group.
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6.1. Parameter-eliminating identities

Define the model-normalized radial-potential value at the minimum by
Emod = 2¢/ab Ay, = 2ap3 A%y, (31)
This is not identified with an absolute Yang—Mills vacuum energyj; it is the value of the p-dependent part

of the effective potential relative to the declared subtraction convention. Eliminating a between Egs. (28)

and (31) gives
m?g f,?p(z) = 4&0d- (32)
For the angular sector, use 8y;; = Ny only as a local source coordinate around 0y, = 0 and define

évﬂ (eYM) = hAglfM [1 — COoSs (GYM)] s
mod — 82&7’ = hAgl/M (33)

Xtop -

06 Oyn=0
This local curvature is compatible with the standard use of the vacuum angle to define topological

susceptibility 16107]: no global large- N vacuum-energy function is assumed. Equation (28) then gives
mp £305 = N Xijop'- (34)
Equations (32) and (34) are more constraining than fitting two masses because the modular-distance

distribution, residues, model-normalized radial potential, and topological response can be measured

separately on the same ensembles.

For comparison with lattice data, distinguish the full Yang—Mills susceptibility from the contribution
represented by the minimal angular closure, X}/ = xj.? + x7i**". The minimal single-channel

saturation limit corresponds to xy“" ~ 0 over the infrared fit window. A significant residual

contribution would falsify the minimal angular saturation, not Yang—Mills theory.
7. Predictivity across energy regimes

71. Ultraviolet domain

For k > Ay, Eq. (22) power-suppresses the modular potential. The running coupling is therefore the

standard asymptotic expression

1
T 2pyL

2
g (k) 1_b_11n_L+O(ln L)

w2 L 2
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The proposed theory is consequently not an alternative ultraviolet gauge theory; its new content is an

infrared collective closure constrained to decouple at high momentum.

For a renormalized dimension-four gluonic operator &;(p), define a normalized high-momentum

Euclidean quantity ﬁg (Q2) after dividing out the leading perturbative Wilson coefficient and kinematic

dependence. The operator-product structure can be written schematically as (18]

~ 4 ASy sy
HG(Q2)=1+CG(Q,u)<ﬁC§f)>+0< g ) (36)

A modular UV-IR relation requires an independently specified operator-matching coefficient. In the

minimal closure, write (O4(1)) = ¢, (1) Emod, Where ¢, is fixed by the normalization of the composite

map or by an independent matching calculation. Combining this relation with Eq. (32) gives

2 £2 2
ﬁG (Qz) 1= CG(Q7:)Cp(N) msgipo

+0(Q7%). (37)

Here mg denotes the scalar mass in Eq. (30). Equation (37) is conditional: once ¢, is fixed independently,
it links a dimension-four ultraviolet correction to an infrared pole and collective normalization. The

matching coefficient must not be adjusted using the held-out ultraviolet observable.

7.2. Crossover domain

At k ~ Ay, neither a finite perturbative expansion nor a purely infrared derivative expansion is
sufficient. The reconstructed distribution of 7[A] provides an additional observable. The minimal
closure predicts: (i) the mode of the radial distribution approaches a nonzero py; (ii) after subtraction of
the regular analytic contribution, conditional collective energy densities follow 7 (p) over the declared
homogeneous-cell window; and (iii) the curvature extracted from the Jacobian-corrected radial
probability potential agrees with the scalar relation in Eq. (28). These statements are directly evaluable on

Euclidean lattice ensembles and require no analytic continuation.

7.3. Infrared domain

For k < Ay, W(k) — 1 and the derivative expansion gives isolated low-lying poles plus multiparticle

continua. The leading mass ratios are

mp _ Ny \/Zﬁ
ms \/gpo a fy’

Amod _ \/% (38)
TR
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The absolute scale comes from Ayjs; the spectral pattern is encoded in dimensionless collective

parameters. A regular large- IV organization can be tested through

a
aN:aoo+N_12+...,
PON = Poco + 5 (39)
myN Ry,
7 —RJ7W+F+'--.

This is a testable regularity ansatz for the effective parameters, consistent with the observed smooth

large- N behavior of low-lying pure-gauge spectra 1211201

8. Lattice realization and quantitative assessment

The lattice is used here as a regulator and measurement platform for the composite coordinate, not as a
separate explanatory principle. Published spectra can test mass ordering and large-N regularity
immediately; the distinctive inverse-square constitutive law requires a new configuration-level

reconstruction and is therefore the stronger prospective test.

8.1. Reconstruction protocol
For each gauge configuration:

1. evolve the links to several gradient-flow times t; = £/k?;

2. calculate s; and ¢;, then form X, and Y}, using Eq. (19);

3.reconstruct 6y = Xy, + iYs, pr = |0k, 9% = argdy, and 7, = ¢ (1 + 4;), then evaluate g3 (71), g3 (7%),
and ky;

4. estimate a conditional collective energy-density proxy e (p) = (Too | pr = p) or a Euclidean gauge-
invariant equivalent appropriate to the ensemble;

5. fit the conditional density and the Jacobian-corrected radial probability potential over a predeclared
near-square window;

6. extract f, and fy from operator residues or momentum-dependent two-point functions; and

7. predict the masses through Eq. (28), rather than fitting the target masses themselves.

The radial extraction is performed either in a predeclared angular window around 9y,n, or after verifying
that angular marginalization introduces no appreciable p-dependent distortion over the fitted radial

window. For the local flat-coordinate measure dX dY = p dp d1, define the empirical radial potential by
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Pi(p)
p

1

Uemp(p) = —mln[

]+Ck,

where C}, is an irrelevant additive constant. Over a predeclared near-square fit window, the minimal

closure predicts
>, Bi
Uemp(p) ~ App” + - + Ck, Ay >0, Bp>0.
p

Failure to resolve a stable positive- Ay, positive- By, window after flow-time, continuum, and volume

checks would falsify the minimal radial closure.

The decisive configuration-level test of the constitutive transfer is

(40)

ek (p1) —ereg (p1) _ (1) _ (p_)
ex (p2) — Ereg (p2) 22 (p2) p1

Here ¢,¢, is the fitted regular analytic contribution. The reference factor p,.; cancels from the ratio.

Agreement of glueball masses alone is therefore a weaker test than agreement with Eq. (40).
8.2. Continuum and finite-volume organization

For a Wilson-type or O (al2 )-improved continuum extrapolation, use the standard Symanzik
at

organization 21

M, 2
T2 = Reted,otds(de) + o0, (41)
a,L
For a stable isolated state, the large-volume correction is exponentially suppressed. A minimal fit form
may be written
—MgapL
5J(L):AJ6—3/2+"'; (42)
(MgapL)

with channel-dependent coefficient and, where necessary, a more complete Liischer analysis [22] The
modular closure predicts continuum quantities R ;; it does not modify the regulator corrections. A valid

test uses common continuum modular parameters across lattice spacings and volumes.

8.3. Benchmark consistency

Continuum pure SU(3) lattice calculations provide the most direct published nonperturbative spectrum
benchmark 23241251 Athenodorou and Teper report Mg /+/o = 3.405(21) for the lightest scalar channel

and Mp/+/o = 5.276(45) for the lightest pseudoscalar channel [24) The corresponding ratio is
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lat _—
Rlsts = 1.549 % 0.016. (43)

Using their ro-based scale setting gives illustrative values of approximately 1.653(26) GeV and
2.561(40) GeV, respectively. Because importing a physical GeV scale into pure gauge theory is
convention dependent, Eq. (43) is the preferred benchmark. A genuine out-of-sample test must

determine py, f,/ fs, h/a,and Ny without using the target pseudoscalar mass.

Published continuum pure-SU(N) glueball benchmark

1.62 1

1.60 1 e IN
156 1
: + s N=4

1.50 1

Il
N

Mo-+/Mo++
= = =
o e o
N a <N
1 1 1

N=12
1.48 1 Weighted fit R., + c/N?
@ Continuum lattice data
1.46 - R. =1535+0.010, c=0.205 + 0.092; x?/dof = 2.15 B Fitintercept
0.00 0.05 0.10 0.15 0.20 0.25

1/N?

Figure 3. Continuum pure SU (V) lattice benchmark for the pseudoscalar-to-scalar glueball mass ratio as a

function of 1/N?, using the published N = 2, 3,4, 5,6, 8, 10, 12 results of Athenodorou and Teper [20] The
weighted line is a spectrum-level test of regular large- )V behavior; it does not determine the modular

parameters.

Using the published continuum SU(N) spectrum [2—01, an inverse-variance fit of the scalar masses to
Rs(N) = Rg + cs/N? gives Rg = 3.0719(138), consistent with the published 3.072(14). The
analogous pseudoscalar fit gives Rp o, = 4.7114(244), consistent with 4.711(26). Fitting the ratio with
Rp/s(N) = Ry + ¢/N? gives R, = 1.535(10) and ¢ = 0.205(92) with x?/dof ~ 2.15. Because this
simple estimate neglects cross-channel covariance and the scatter is non-negligible, it is only a

consistency demonstration of the regular 1/N? form, not evidence specific to the modular mechanism.
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Role Inputs used for calibration Held-out predictions
One predeclared reference scale. If a mass is used to
All remaining dimensionful masses not
Scale set units, that same mass is calibration rather than
used for scale setting
prediction.
Scalar mass (if not used for scale setting);
Radial sector P(p) shape/curvature and scalar residue f, conditional 1/p* law; finite-volume
behavior
Angular x7od (or x 1M under declared saturation), py, f3,and
Held-out pseudoscalar mass
sector predeclared Ny
Group
A declared subset of N values Spectra for held-out N
dependence
Crossover %(p) reconstructed from elliptic invariants Conditional energy ratio in Eq. (40)

Table 1. Separation of calibration inputs and held-out predictions for a publication-level test.

The closure is rejected if one predeclared parameter set cannot pass the held-out tests within propagated

statistical, continuum, finite-volume, and reconstruction uncertainties.

9. Experimental continuation and the X (2370) benchmark

Pure Yang—Mills poles are not directly identical to resonances in full QCD because states with the same

quantum numbers mix with quark and multihadron channels. Dynamical-fermion lattice studies

likewise show additional mixing structure, especially in the scalar channel [26] The modular closure

supplies a bare gluonic collective pole inside the pure-gauge theory; conventional coupled-channel

dynamics must then be included before comparison with experimental resonances.

For a minimal two-state pseudoscalar system, let G denote the bare gluonic basis state and @) a quark-

dominated singlet basis state. Use the mass-squared matrix

geios.com
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Its eigenvalues are

2
M= 2y _\/(mg —sz) +aud, (45)
Label the heavier and lighter eigenvalues by Mg and M. Their invariants are

Mé-‘-MLZZmé-Fmé,

MI2{M12, = mémé - ,u}l,‘ (46)
The off-diagonal parameter p? is a gluonic—quark mixing element. Consequently, the bare modular
mass mg should not in general be identified directly with the observed resonance mass. The mixing
angle may be defined by

2|3 |

2
G

[tan26p| =

)

2
‘m 0 —m
with the sign and quadrant fixed by the chosen eigenstate convention.

Because the experimental state has a finite width, Eqs. (44)-(46) are used only as a real mass-level
illustration. A quantitative resonance-pole analysis would require energy-dependent complex self-

energies and explicit channel couplings.
BESIII determined the X(2370) quantum numbers to be JC = 0-+ and measured a mass of

2395 MeV /c?, with a statistical uncertainty of 11 MeV and an asymmetric systematic uncertainty of
+26/-94 MeV; the reported width is 188 MeV with corresponding statistical and systematic
uncertainties 27, A quenched lattice calculation optimized for radiative phenomenology independently
obtained a pseudoscalar-glueball mass 2.395(14) GeV [28] The mass proximity and matching quantum
numbers are useful phenomenological benchmarks, but they do not identify the full-QCD resonance with

a pure-Yang—Mills eigenstate.

Prospective out-of-sample pseudoscalar test. Equation (28) gives the bare modular pseudoscalar mass

2 — N, \/ mod
mnod = mped = NoAyvh _ Xior )
fopo fapo

YM

A genuine out-of-sample test must determine py, fs, Ny, and X;ﬁgd ©Or Xi0p

under an explicitly declared
saturation hypothesis), together with the overall Yang—Mills scale where required, from predeclared
lattice observables that exclude the target pseudoscalar mass. The quark-dominated mass m¢g and the

mixing element x2 must likewise be constrained from independent full-QCD information. Only after

those quantities are fixed should Eq. (45) be used to obtain a predicted mixed eigenvalue and compare it
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with the held-out X(2370) mass and production data. If the target mass is used in determining any of

these parameters, the result is a phenomenological fit rather than an out-of-sample prediction.

If a gluon-rich interpolating operator €p couples dominantly to the bare gluonic basis state,
(0] Gp |Q)| < [{0] O |G)|, write
| Xphys) = cosfp| G) + sinfp|Q). (47)

Neglecting channel-dependent short-distance corrections, the gluonic residue then satisfies

(0] 7| Xphys)

~ cos? Op. (48)
(0] oplG)[*

If the direct quark-basis coupling is not negligible, Eq. (48) must be generalized by retaining the second
production amplitude. A simultaneous pole-and-residue analysis is therefore more discriminating than

mass proximity alone.

For the scalar sector, the same construction can be extended to a 3 x 3 mixing matrix involving the bare

modular scalar state and nonstrange and strange quarkonia, consistent with standard gluonium

phenomenology [29] This extension is not used in the core mass-gap derivation.

geios.com doi.org/10.32388/8H7J9Y

19


https://www.qeios.com/
https://doi.org/10.32388/8H7J9Y

Pseudoscalar glueball / X(2370) mass-level comparison

Pure SU(3) lattice | o
(Athenodorou-Teper)

Quenched lattice | o
(Gui et al.)
BESIII X(2370) - t € |

2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60 2.65
Mass (GeV)

Figure 4. Mass-level comparison of representative pseudoscalar-glueball benchmarks and the BESIII

X (2370) result. The pure SU(3) GeV value is scale-setting dependent, the Gui et al. point is a quenched-lattice
benchmark, and the BESIII point is a full-QCD resonance. The figure is not a fit of the modular model to the
X(2370) mass. A genuine prediction requires mg, mg, and p2 to be constrained independently of the target

mass.

Three levels of empirical confrontation must remain distinct. Pure-Yang—Mills configuration data
directly test the composite map and Eq. (40). Published continuum glueball spectra provide spectrum-
level consistency tests unless the modular parameters are independently reconstructed. Experimental
resonances test only the full-QCD continuation after mixing and cannot by themselves establish the

pure-gauge Yang—Mills mass gap.

10. Secondary consequences and extensions

The results in this section are not used in Propositions 1-2 and do not add assumptions to the core mass-
gap closure. They indicate secondary tests if the minimal framework survives the direct configuration-

level test.
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10.1. Correlation-volume scaling

If a correlated glue domain has characteristic volume V, = ¢3, with representative scale factor
ke = k (p.) and reference collective energy density &., the fixed-volume scaling suggests the heuristic

relation
~2_ 3 1
mg ~ K, €8, Ee ~myg . (49)
Consequently,
4 ~2_
My ~ K Ecy (50)
up to a dimensionless shape coefficient. This scaling is heuristic rather than part of the proof of

Proposition 1. If £, « o2, then mg/,/7 is naturally dimensionless and finite.

10.2. Finite-temperature continuation

At finite temperature allow a, b, and f,, to depend on T'. The radial screening scale is then

_ 8a(T)AY,
f2(T)

m2(T)

1/4
oT) ] : (51)

;o p(T) = [a(T)

Here Ayjs remains the zero-temperature RG-invariant transmutation scale; temperature dependence
resides in the effective coefficients. A rapid change in py(T") or loss of positive curvature would provide a
modular diagnostic to compare with conventional deconfinement observables.

10.3. Large-N fluctuations

If the reconstructed coordinates are built from conventionally normalized single-trace densities, large-

N factorization motivates the test
Var(p)y = O (N72) , PON = Poco + O (Nfz) . (52)

This supplies a configuration-level test independent of spectral fitting.

11. Falsifiability and mathematical status

The minimal theory is falsified if, after controlled continuum and volume extrapolation, any of the

following occurs:

» no stable gauge-invariant composite map A — 7;[A] exists in a predeclared reconstruction scheme,

« the reconstructed sector-relative factor fails the conditional energy law in Eq. (40);
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« the Jacobian-corrected radial probability potential has no stable Ay p? + By /p? window with positive
curvature;

» Egs. (32) and (34) fail when masses, residues, the model-normalized radial potential, and topology are
measured independently;

e one continuum parameter set cannot describe the declared lattice spacings and volumes, or the
predeclared large- N organization fails across held-out gauge groups;

 ultraviolet matching requires an unsuppressed lower-dimensional correction incompatible with the
decoupling conditions; or

o full-QCD glueball-candidate residues are incompatible with the mixing structure implied by

independently predicted bare gluonic masses.

The present result is an effective-field-theory proposition. It does not prove the existence and mass gap
of continuum Yang-Mills theory in the Clay sense. A constructive completion would require, at
minimum: a regulator-independent definition of the composite map; proof that the collective description
is equivalent to the original continuum measure; reflection positivity or an equivalent Hilbert-space
reconstruction; uniform continuum and infinite-volume bounds; an all-channel lower spectral bound;
and control of topological and gauge-fixing subtleties without gauge-dependent assumptions 81211101
These requirements are not peripheral; they separate a testable physical closure from a completed

mathematical proof.

12. Conclusions

We have presented a compact Modular-Weierstrass closure of pure Yang—Mills dynamics that preserves
the elementary gauge action, uses the standard transmuted scale Ay, and introduces no hard gluon
mass. The two companion constructions provide historical motivation for the scale variable. All scale-
transfer relations required for the Yang—Mills propositions, however, are restated or derived within the
present manuscript, so the core closure and its mathematical consequences do not depend on importing
results from those companion studies. Within this self-contained formulation, the Yang-Mills
application is reduced to one core constitutive hypothesis: in the reconstructed gauge-invariant collective
sector, the leading nonanalytic energy-density contribution is proportional, with a positive matching

- . - ~2
coefficient, to the sector-relative squared bilinear scale k" .

Near the square elliptic lattice, the Weierstrass expansion gives 7 o p~2. Its constitutive transfer,

combined with the leading regular restoring response, produces
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b
Unod (9 B = Uy(p) = AL, (ap2 T p—z) . (53)

For a,b > 0, this potential has the finite minimum py = (b/a)'/* and strictly positive radial curvature.
The CP-even radial mode and CP-odd angular mode then yield positive scalar and pseudoscalar quadratic
masses inside the effective closure. Published continuum SU(3) data give the benchmark ratio
Mp/Mg = 1.549(16), while published multi- N spectra are consistent with a regular 1/N? organization.
The X (2370) mass and quantum numbers provide only a full-QCD continuation benchmark after explicit

mixing; no out-of-sample experimental pole prediction is claimed here.

The central claim is therefore precise and limited. The manuscript analytically establishes the inverse-
square scale transfer, the finite positive-curvature minimum, and the resulting quadratic spectral scales
within the stated closure. It then identifies Eq. (40) as the decisive configuration-level test that
distinguishes the mechanism from a post hoc mass fit. The physical interpretation of x in terms of
momentum-associated spatial response belongs to the companion program and is intentionally not
required for the present Yang—Mills derivation. A future cross-scale theory may connect these

descriptions quantitatively, but doing so is beyond the scope of this paper.

Appendix A. Local expansion of the Weierstrass scale

Let 7 = i(1+ 4) with |§] < 1. Since g3(¢) = 0 and the weight-six invariant has a simple zero at the

lemniscatic point, g4 () # 0 in the chosen local coordinate. Then

92 (i(1 4 6)) = g2(i) + igh (i) + O (6?),

54
g3 (i(1 +8)) = igy(i)6 + O (6?) . (54)
Substitution into Eq. (14) gives
. l92(3)| 1
k(i1 +90)) = ————[14+0(|d])]. (55)
7 |g5(i)| 19|
For a reference displacement §,; = prefe'’res,
2 2
2= 0 P 600 4 0 (o) (56)
I'iz (6ref) P2 P Pref )l

which establishes Eq. (17). The reference displacement remains a fixed normalization input independent

of the dynamically selected minimum; no identification of the two is required.
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Appendix B. Derivation of the quadratic masses

Expanding the radial potential around py gives

Uy (v +39) = Uy () + 5 (Sahdy,) () +0 (56°) (57)

With the canonical radial fluctuation ¢, = f,dp, the scalar part of Eq. (28) follows. For the angular term,

expand about Yy = 271/ Ny andlet AY = F — Fpyin:
hAL,, [1 - cos (Ny9)] = %NjhA;‘/M(Aﬁ)Q +o((A9)Y). (58)

With n = fypoAd, the pseudoscalar mass in Eq. (28) follows.

Appendix C. Pre-registered numerical test
A reproducible implementation should publish the following before inspecting target masses:

« ensemble identifiers, lattice actions, volumes, lattice spacings, and flow-time windows;
* definitions of cg, cp, &, s,.f, and the cell Qy;

» numerical method and error control for g, and gs;

« the fit window in p for the empirical radial potential;

* priors and covariance treatment for q, b, h, f,, and fy;

« calibration observables and held-out observables; and

¢ apredeclared rejection criterion.

The primary held-out quantities should include the pseudoscalar mass, the coefficient of the dimension-
four ultraviolet correction, the conditional ratio in Eq. (40), the shape of the Jacobian-corrected radial

probability potential, and at least one gauge group not used in calibration.

Appendix D. Published benchmark data used in Figures 3 and 4

The masses below are transcribed from the cited primary publications to make the spectrum-level
demonstrations reproducible. The ratios in Table D1 are calculated from the quoted central values; their
displayed uncertainties use standard independent-error propagation and therefore do not include cross-

channel covariance. No raw gauge configurations or experimental events were reanalyzed.
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N Ms/\/o Mp /o Mp /Mg
2 3.781(23) 6.017(61) 1.591(19)
3 3.405(21) 5.276(45) 1.549(16)
4 3.271(27) 5.020(46) 1.535(19)
5 3.156(31) 4.832(40) 1.531(20)
6 3.102(32) 4967(43) 1.601(22)
8 3.099(26) 4.755(58) 1.534(23)

10 3102(37) 4.835(60) 1559(27)

12 3.151(33) 4.696(65) 1.490(26)

Table D1. Continuum pure SU(V) lattice masses used in Figure 3 22

Source Mass Interpretation
Athenodorou-Teper 24 | 2.561(40) Gev Pure SU(3); physical GeV scale setting is conventional
Gui et al. [28! 2.395(14) GeV Quenched-lattice pseudoscalar glueball
BESII 271 2.395 GeV Full-QCD X (2370) resonance; uncertainties stated in Section 9

Table D2. Pseudoscalar mass-level benchmarks shown in Figure 4.

Statements and Declarations

Funding

This research received no external funding.

geios.com doi.org/10.32388/8H7J9Y


https://www.qeios.com/
https://doi.org/10.32388/8H7J9Y

Potential Competing Interests

The author declares no conflict of interest.

Ethics

This study was conducted using publicly available data and did not involve human participants or require
ethical approval.

Data Availability

No new lattice ensembles or experimental measurements were generated in this study. Numerical
benchmark values and plotted points were transcribed from the cited primary lattice and BESIII
publications. The configuration-level reconstruction proposed in Section 8 remains prospective and is

not claimed to have been performed in the present work.

Author Contributions

Conceptualization, methodology, theoretical development, formal analysis, and writing-original draft
and review and editing: Peter Yongtao Wang. The author has read and approved the final version of the

manuscript.

Acknowledgements

During preparation of this manuscript, the author used ChatGPT (OpenAlI) for assistance with
manuscript organization, non-authoritative mathematical consistency checks, and formatting review.
The author independently reviewed and verified the manuscript and takes full responsibility for its

content.

References

1. 2Wilson KG (1974). "Confinement of Quarks.” Phys Rev D. 10:2445-2459. doi:10.1103/PhysRevD.10.2445.

2. AWang PY (2026). "Directional Radiation-Matter Conversion and Modular-Weierstrass Closure: A Planck-Ti
me Geometric-Impulse Model with a Near-Horizon Cutoff Branch." Zenodo. Version 1.2. doi:10.5281/zenodo.

21899043

geios.com doi.org/10.32388/8H7J9Y 26


https://doi.org/10.1103/PhysRevD.10.2445
https://doi.org/10.5281/zenodo.21899043
https://doi.org/10.5281/zenodo.21899043
https://www.qeios.com/
https://doi.org/10.32388/8H7J9Y

3.3b Wang PY (2026). "A Mobius-Scale Spinor Lift of Lorentz Kinematics: The Contained-Volume Law for Fo
ur-Momentum.” Zenodo. Version 1.2. doi:10.5281/zen0do.21900251.
4. Gross DJ, Wilczek F (1973). "Ultraviolet Behavior of Non-Abelian Gauge Theories." Phys Rev Lett. 30:1343-1

346. doi:10.1103/PhysRevLett.30.1343.

5. Xpolitzer HD (1973). "Reliable Perturbative Results for Strong Interactions?” Phys Rev Lett. 30:1346~1349. do

i:10.1103/PhysRevLett.30.1346.

6. 2Caswell WE (1974). "Asymptotic Behavior of Non-Abelian Gauge Theories to Two-Loop Order." Phys Rev L
ett. 33:244-246. doi:10.1103/PhysRevLett.33.244.
7.¥ang CN, Mills RL (1954). "Conservation of Isotopic Spin and Isotopic Gauge Invariance.” Phys Rev. 96:191—

195. doi:10.1103/PhysRev.96.191.

8.9 Djaffe A, Witten E (2006). "Quantum Yang—Mills Theory." In: The Millennium Prize Problems. Providence,
RIL: Clay Mathematics Institute and American Mathematical Society.

9.2 bosterwalder K, Schrader R (1973). "Axioms for Euclidean Green’s Functions." Commun Math Phys. 31:83—

112.

10. 2 bosterwalder K, Schrader R (1975). "Axioms for Euclidean Green’s Functions IL"” Commun Math Phys. 42:2

81-305.
11. 2penrose R, Rindler W (1984). Spinors and Space-Time, Vol. 1. Cambridge: Cambridge University Press.
12.20blak B (2015). "From the Lorentz Group to the Celestial Sphere.” arXiv:1508.00920.

13. AWhittaker ET, Watson GN (1927). A Course of Modern Analysis. 4th ed. Cambridge: Cambridge University P

ress.

14. 2Silverman JH (2009). The Arithmetic of Elliptic Curves. 2nd ed. New York: Springer:

15. MLiischer M (2010). "Properties and Uses of the Wilson Flow in Lattice QCD." JHEP. 08:071. doi:10.1007/JHEP
08(2010)071.

16. 2Witten E (1979). "Current Algebra Theorems for the U (1) Goldstone Boson." Nucl Phys B. 156:269-283.

17. Veneziano G (1979). "U (1) Without Instantons.” Nucl Phys B. 159:213—224.

18. AShifman MA, Vainshtein AL Zakharov VI (1979). "QCD and Resonance Physics. Theoretical Foundations."
) ) y

Nucl Phys B. 147:385—447.

19. XLucini B, Teper M, Wenger U (2004). "Glueballs and k-Strings in SU (N) Gauge Theories: Calculations with

Improved Operators." JHEP. 06:012.

geios.com doi.org/10.32388/8H7J9Y 27


https://doi.org/10.5281/zenodo.21900251
https://doi.org/10.1103/PhysRevLett.30.1343
https://doi.org/10.1103/PhysRevLett.30.1346
https://doi.org/10.1103/PhysRevLett.33.244
https://doi.org/10.1103/PhysRev.96.191
https://doi.org/10.1007/JHEP08(2010)071
https://doi.org/10.1007/JHEP08(2010)071
https://www.qeios.com/
https://doi.org/10.32388/8H7J9Y

20.2 2 & dAthenodorou A, Teper M (2021). "SU (N) Gauge Theories in 3+1 Dimensions: Glueball Spectrum, Strin
g Tensions and Topology." JHEP. 12:082. doi:10.1007/[HEP12(2021)082.

21. 2Symanzik K (1983). "Continuum Limit and Improved Action in Lattice Theories. I. Principles and ¢4 Theo
ry." Nucl Phys B. 226:187-204.

22. MLiischer M (1986). "Volume Dependence of the Energy Spectrum in Massive Quantum Field Theories. I. Sta
ble Particle States." Commun Math Phys. 104:177-206.

23. 2Morningstar CJ, Peardon M (1999). "The Glueball Spectrum from an Anisotropic Lattice Study." Phys Rev
D. 60:034509. doi:10.1103/PhysRevD.60.034509.

24. 35 CAthenodorou A, Teper M (2020). "The Glueball Spectrum of SU (3) Gauge Theory in 3+1 Dimensions." ]

HEP. 11:172. doi:10.1007/JHEP11(2020)172.

25.Chen Y, Alexandru A, Dong SJ, Draper T, Horvdth I, Lee FX, Liu KF, Mathur N, Morningstar C, Peardon M, et
al (2006). "Glueball Spectrum and Matrix Elements on Anisotropic Lattices.” Phys Rev D. 73:014516. doi:10.11

03/PhysRevD.73.014516.

26. 2Athenodorou A, Finkenrath J, Lantos A, Teper M (2023). "Glueball Spectrum with Four Light Dynamical Fe
rmions." arXiv:2308.10054.
27.2DAblikim M, et al. [BESIII Collaboration] (2024). "Determination of Spin-Parity Quantum Numbers of X (2

370) as 0-+ From J/y—yK SAO K SAO 5" Phys Rev Lett. 132:181901. doi:10.1103/PhysRevLett.132.181901.

28.25Gui L.¢, Dong JM, Chen Y, Yang YB (2019). "Study of the Pseudoscalar Glueball in J/y Radiative Decays." P
hys Rev D. 100:054511. d0i:10.1000/jcr.2018.12.3.123.

29. XNovikov VA, Shifman MA, Vainshtein Al, Zakharov VI (1980). "In a Search for Scalar Gluonium.” Nucl Phys

B. 165:67-79.

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

geios.com doi.org/10.32388/8H7J9Y 28


https://doi.org/10.1007/JHEP12(2021)082
https://doi.org/10.1103/PhysRevD.60.034509
https://doi.org/10.1007/JHEP11(2020)172
https://doi.org/10.1103/PhysRevD.73.014516
https://doi.org/10.1103/PhysRevD.73.014516
https://doi.org/10.1103/PhysRevLett.132.181901
https://doi.org/10.1103/PhysRevD.100.054511
https://www.qeios.com/
https://doi.org/10.32388/8H7J9Y

