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Core setup: “flat” PQ field-space

Complex PQ field in radial/angular variables

S = ∫ d⁴x √−g [ −½ (∂R)² − ½ R²(∂θ)² − V(R) ]

Kinetic term

ℒₖᵢₙ = −½ (∂R)² − ½ R²(∂θ)²

Field-space metric line element

ds² = dR² + R² dθ²



Non-flat metric
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S = ∫ d⁴x √−g [ −½ (∂R)² − ½ R²(∂θ)² − V(R) ]

Kinetic term

ℒₖᵢₙ = −½ (∂R)² − ½ R²(∂θ)²

Field-space metric line element

ds² = dR² + R² dθ²

Gij represents the 
internal field-space 
metric of the radial and 
theta real fields





1) At smaller radial displacements, the internal metric is expected to 
appear flat, i.e. f(R) → R, to preserve usual flat-QCD axion behavior.

2) At larger radial distances, f(R) deviates from R due to UV effects.

3) Gij also represents internal-geometry. Hence, it can be categorized as
a. Flat (0 curvature)
b. Closed (+ve curvature)
c. Open (-ve curvature)



N=1 SUPERGRAVITY (SUGRA)

SU(1,1)





For radial displacements far smaller than the hyperbolic curvature scale L, the 
internal field-space metric is as good as flat.

Only when the radial displacements start probing distances of the order of L, does 
the internal metric appear curved.

Flat road or curved earth !!!



Observational 
implications 

of 
non-flat metric



Axion makes all of DM



Axial Field equations



Observable 
isocurvature

 spectrum

CMB
Dwarfs Faints

Excluded by data



Characteristic running



A few consequences of curved f(R):

1. Solves QCD-isocurvature problem

2. Gives a testable prediction of large primordial power spectrum on 
galactic scales

3. Tachyonic production of warm axion DM

4. Enhances isocurvature non-gaussianity
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