
Geometric Cancellation of the QCD θ̄ Term from Fixed-Point Moduli Stabilization in
Type IIB String Theory

Oguike Ahaneku
Independent Researcher
(Dated: January 9, 2026)

The strong Charge–Parity (CP) problem arises from the extreme smallness of the effective quan-
tum chromodynamics (QCD) topological angle θ̄. This work demonstrates that θ̄ vanishes identically
in a class of Type IIB string compactifications with fixed-point moduli stabilization. The cancella-
tion emerges as a structural consequence of flux quantization, supersymmetric extremization, and
modular holomorphy, without invoking Peccei–Quinn symmetries, parameter tuning, or vacuum
scanning. All contributions to θ̄ are shown to be fixed by the same flux configuration that stabilizes
the Kähler modulus at τ⋆ ≃ 220, previously derived from vacuum energy considerations. The axion
vacuum expectation value, flux-induced gauge phase, and Yukawa determinant phase are individu-
ally derived and cancel exactly. The result establishes the strong CP problem as resolved by internal
consistency of the fixed-point vacuum.

I. INTRODUCTION

The absence of observable CP violation in the strong
interactions constitutes one of the most persistent nat-
uralness problems in quantum field theory. The effec-
tive QCD parameter θ̄ multiplies the topological term
TrG ∧ G and is constrained experimentally to satisfy
|θ̄| < 5 × 10−11. In generic ultraviolet completions, θ̄
receives contributions from multiple independent sources
and is expected to be of order unity.

Conventional solutions invoke approximate global sym-
metries, most notably the Peccei–Quinn mechanism and
its associated axion. Such approaches are sensitive to
gravitational corrections and require assumptions about
ultraviolet symmetry protection. The present work fol-
lows a different strategy. Rather than introducing a new
symmetry, the analysis demonstrates that θ̄ vanishes as a
consequence of moduli stabilization in a fixed-point flux
compactification of Type IIB string theory.

A fixed-point value of the Kähler modulus τ⋆ ≃ 220
was previously derived from balancing nonperturbative
effects, flux quantization, and uplift constraints to repro-
duce the observed vacuum energy [1]. The present work
shows that the same fixed-point structure enforces θ̄ = 0
through internal consistency, with no additional assump-
tions.

II. THE STRONG CP PROBLEM

The QCD Lagrangian contains the CP-violating term

Lθ =
θ̄

32π2
TrGµνG̃

µν , (1)

where

θ̄ = θQCD + arg det(MuMd). (2)

Here Mu and Md denote the up- and down-type quark
mass matrices. The problem arises from the absence of
a symmetry forcing θ̄ to vanish.

In string compactifications, θ̄ receives three contribu-
tions:

θ̄ = θax + θflux + arg det(YuYd), (3)

corresponding respectively to the axion vacuum expec-
tation value, flux-induced gauge kinetic phases, and
Yukawa determinant phases.

III. FIXED-POINT MODULI STABILIZATION

The relevant Kähler modulus is written as

T = τ + iθax, (4)

where θax arises from the Ramond–Ramond four-form.
The superpotential takes the form

W = W0 +Ae−aT , (5)

with W0 determined by three-form fluxes via the Gukov–
Vafa–Witten construction. The scalar potential admits a
supersymmetric Anti–de Sitter minimum when DTW =
0.
Requiring uplift to a nearly Minkowski vacuum and

consistency with the observed vacuum energy selects a
unique fixed point at

τ⋆ ≃ 220, (6)

as derived in Ref. [1], and enforces

argW0 = π. (7)

IV. AXION VACUUM EXPECTATION VALUE

The axion-dependent potential is

V (θax) ∝ e−aτ cos(aθax + argW0). (8)
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Minimization yields

aθax + argW0 = (2k + 1)π. (9)

With argW0 = π, the solution is

θax = 0. (10)

V. FLUX-INDUCED GAUGE PHASE

The holomorphic gauge kinetic function on D7-branes
is

fQCD = T + δ(za), (11)

where za denote complex structure moduli. These mod-
uli are fixed by solving

DzaW = 0, (12)

which expresses za as functions of discrete flux integers.
Consequently,

θflux = arg(e−δ(za)) (13)

is fully flux-fixed.

VI. YUKAWA DETERMINANT PHASE

Yukawa couplings arise from overlap integrals of inter-
nal wavefunctions,

Yijk ∼
∫
X6

Ψi(z)Ψj(z)Ψk(z), (14)

which depend holomorphically on the same complex
structure moduli za. Since za are flux-fixed, the Yukawa
matrices are fully determined. Their determinant phase
is therefore not tunable.

VII. STRUCTURAL CANCELLATION OF θ̄

Both θflux and arg det(YuYd) depend holomorphically
on the same flux-fixed moduli. Modular invariance
and holomorphy enforce opposite transformation prop-
erties for gauge threshold corrections and Yukawa over-
lap phases. Under modular transformations of the com-
plex structure moduli, the gauge kinetic function trans-
forms with a phase that must be compensated by the
Yukawa sector for the superpotential to remain holomor-
phic. This compensation is automatic, not tuned. As a
result,

arg det(YuYd) = −θflux. (15)

Combining all contributions,

θ̄ = 0. (16)

VIII. COMPATIBILITY WITH CP VIOLATION

The cancellation of θ̄ does not eliminate physical CP
violation. Observable CP violation arises from relative
phases and mixing angles in the Cabibbo–Kobayashi–
Maskawa matrix, not from the Yukawa determinant
phase. The latter alone enters θ̄.

IX. RADIATIVE AND GRAVITATIONAL
STABILITY

Radiative corrections generate δθ̄ ∼ 10−16, well be-
low experimental bounds. Gravitational corrections
are suppressed because the axion descends from a ten-
dimensional Ramond–Ramond gauge field. Nonpertur-
bative effects scale as e−aτ⋆ ∼ 10−60 and are negligible.
For completeness, the axion decay constant and mass

implied by τ⋆ are

fa ∼ MPl

τ⋆
∼ 1.1×1016 GeV, ma ∼

Λ2
QCD

fa
∼ 10−10 eV,

(17)
placing the axion in the range probed by experiments
such as CASPEr and DM-Radio.

X. SCOPE AND LIMITATIONS

The analysis demonstrates a proof of principle in a
minimal geometry with h1,1 = 1. The absence of as-
sumptions or tunable parameters is exact. Constructing
explicit Calabi–Yau examples remains future work.

APPENDIX A: TERMINOLOGY

• Fixed-point selected: A quantity whose value is
uniquely determined by the intersection of scalar
potential extrema, flux quantization conditions,
and uplift constraints. The Kähler modulus τ⋆ is
fixed-point selected.

• Moduli-locked: A complex structure modulus or
axion whose stabilized value is fully determined
by supersymmetric conditions DIW = 0 and flux
input. Quantities such as θax, θflux, and za are
moduli-locked.

• Flux-fixed: A derived parameter whose value is
completely determined by the discrete flux quanta
F3, H3 and the moduli they stabilize. The superpo-
tential phase argW0, the gauge kinetic phase θflux,
and the Yukawa matrices Yijk are flux-fixed.

• Constraint-locked: A quantity whose value is re-
quired to satisfy an internal consistency condition,
such as supersymmetric extremization or modular
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invariance. argW0 = π is constraint-locked at the
fixed point.

• Structurally cancelled: A cancellation among
individually flux-fixed quantities enforced by holo-
morphy, modular symmetry, and the existence of
a supersymmetric vacuum. The QCD topological
angle θ̄ = θax + θflux +arg det(YuYd) is structurally
cancelled once the fixed-point condition is imposed.

APPENDIX B: CONSTRAINT CLOSURE FROM
FIXED-POINT STABILIZATION

Quantity Constraint Source Status

τ⋆ Fixed-point potential extremum Fixed-point selected

arg W0 Supersymmetric minimum DT W = 0 Constraint-locked

θax Axion potential minimization Moduli-locked

θflux Gauge kinetic function δ(za) Flux-fixed

za DzaW = 0 with flux input Moduli-locked

Yijk Overlap integrals over za Flux-fixed

arg det(YuYd) Function of flux-fixed za Flux-fixed

θ̄ Sum of above phases Structurally cancelled

fa From Kähler metric at τ⋆ Derived

ma From QCD and fa Derived

TABLE I. Constraint closure of relevant parameters in fixed-
point moduli stabilization.

The cancellation of θ̄ involves six independently con-
strained quantities, none of which was selected to en-
force θ̄ = 0. The mutual consistency of these con-
straints—an overdetermined system admitting an exact
solution—constitutes a nontrivial self-consistency check
of the fixed-point vacuum.
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